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METHOD OF INHIBITING NEOPLASTIC CELLS 
WITH BENZIMIDAZOLE DERIVATIVES 

TECHNICAL FIELD 

This invention relates to a method for the selective inhibition of neoplastic cells, for example, 
for the treatment or prevention of precancerous lesions or other neoplasias in mammals* 
BACKGROUND OF THE INVENTION 

Each year in the United States alone, imtold numbers of people develop precancerous lesions, 
which is a form of neoplasia, as discussed below. Such lesions exhibit a strong tendency to develop into 
malignant tumors, or cancer. Such lesions include lesions of the breast (that can develop into breast 
cancer), lesions of the skin (that can develop into mahgnant melanoma or basal cell carcinoma), colonic 
adenomatous polyps (that can develop into colon cancer), and other such neoplasms. Compounds that 
prevent or induce the remission of existing precancerous or cancerous lesions or carcinomas would 
greatly reduce illness and death from cancer. 

For example, approximately 60,000 people die from colon cancer, and over 150,000 new cases 
of colon cancer are diagnosed each year. For the American population as a whole, individuals have a 
six percent lifetime risk of developing colon cancer, making it the second most prevalent form of cancer 
in the country. Colon cancer is also prevalent in Western Europe. It is believed that increased dietary 
fat consumption is increasing the risk of colon cancer in Japan, 

In addition, the incidence of colon cancer reportedly increases with age, particularly after the age 
of 40. Since the mean ages of populations in America and Westem Europe are increasing, the 
prevalence of colorectal cancer should increase in the future. 

To date, httle progress has been made in the prevention and treatment of colorectal cancer, as 
reflected by the lack of change in the five-year survival rate over the last few decades. The only cure for 
this cancer is surgery at an extremely early stage. Unfortunately, most of these cancers are discovered 
too late for surgical cure. In many cases, the patient does not experience symptoms until the cancer has 
progressed to a malignant stage^ 

In view of these grim statistics, efforts in recent years have concentrated on colon cancer 

prevention. Colon cancer usually arises from pre-existing benign neoplastic growths known as polyps. 

Prevention efforts have emphasized the identification and removal of colonic polyps. Polyps are 

identified by x-ray and/or colonoscopy, and usually removed by devices associated with the 

colonoscopy The increased use of colon x-rays and colonoscopies in recent years has detected 
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clinically significaat precancerous polyps in four to six times the number of individuals per year that 
acquire colon cancer. During the past five years jalone, an estimated 3.5 to 5.5 million people in the 
United States have been diagnosed with adenomatous colonic polyps, and it is estimated that many 
more people have or are susceptible to developing this condition, but are as yet undiagnosed. In fact, 
there are estimates that 10-12 percent of people over the age of 40 will form clinically significant 
adenomatous polyps. 

Removal of polyps has been accomplished either with surgery or fiber-optic endoscopic 
polypectomy - procedures that are uncomfortable, costly (the cost of a single polypectomy ranges 
between $1,000 and $1,500 for endoscopic treatment and more for surgery), and involve a small but 
significant risk of colon perforation. Overall, about $2.5 billion is spent annually in the United States in 
colon cancer treatment and prevention. 

In the breast, breast cancer is often treated surgically, often by radical mastectomy with its 
painftil aftermath. Such surgery is costly, too. 

As indicated above, each lesion carries with it a chance that it will develop into a cancer. The 
likelihood of cancer is diminished if a precancerous lesion is removed. However, many of these 
patients demonstrate a propensity for developing additional lesions in the fiiture. They must, therefore, 
be monitored periodically for the rest of their lives for reoccurrence. 

In most cases (i.e. the cases of sporadic lesion formation, e.g. so-called common sporadic 
polyps), lesion removal will be effective to reduce the risk of cancer. In a small percentage of cases (i.e. 
cases where numerous lesions fomi, e.g. the so-called polyposis syndromes), removal of all or part of 
the effected area (e.g. the colon) is indicated. For example, the difference between common sporadic 
polyps and polyposis syndromes is dramatic. Common sporadic polyp cases are characterized by 
relatively few polyps which can usually be removed leaving the colon intact. By contrast, polyposis 
syndrome cases can be characterized by many (e.g. hundreds or more) of polyps - literally covering the 
colon ia some cases - making safe removal of the polyps impossible short of surgical removal of the 
colon. 

Because each lesion carries with it a palpable risk of cancerous development, patients who form 
many lesions (e.g. polyposis syndrome patients) invariably develop cancer if left untreated. Surgical 
removal of the colon is the conventional treatment in polyposis patients. Many polyposis patients have 
xmdergone a severe change in lifestyle as a result of the disfiguring surgery. Patients have strict dietary 
restrictions, and many must wear ostomy appliances to collect their intestinal wastes. 
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The search for drugs useful for treating and preventing cancer is intensive, hideed, much of the 
focus of cancer research today is on the prevention of cancer because chemotherapy for cancer itself is 
often not effective and has severe side effects. Cancer chemoprevention is important for recovered 
cancer patients who retain a risk of cancer reoccurrence. Also, cancer prevention is important for 
people who have not yet had cancer, but have hereditary factors that place them at risk of developing 
cancer. With the development of new genetic screening technologies, it is easier to identify those 
patients with high-risk genetic factors, such as the potential for polyposis syndrome, who would greatly 
benefit from chemopreventative drugs. Therefore, finding such anti-cancer drugs that can be used for 
prolonged preventive use is of vital interest. 

Known chemopreventative and chemotherapeutic drugs are believed to kill cancer cells by 
inducing apoptosis, or as sometimes referred to as "programmed cell death." Apoptosis naturally occurs 
in virtually ail tissues of the body, and especially in self-renewing tissues such as bone marrow, immune 
cells, gut, liver and skin. Apoptosis plays a critical role in tissue homeostasis, that is, it ensures that the 
number of new cells produced are correspondingly offset by an equal number of cells that die. For 
example, the cells in the intestinal lining divide so rapidly that the body must eliminate cells after only 
three days in order to prevent the overgrowth of the intestinal lining. 

Recently, scientists have realized that abnormalities of apoptosis can lead to the formation of 
precancerous lesions and carcinomas. Also, recent research indicates that defects in apoptosis play a 
major role in other diseases in addition to cancer. Consequently, compounds that modulate apoptosis 
could be used to prevent or control cancer, as well as used in the treatment of other diseases. 

Unfortunately, even though known chemoftierapeutic drugs may exhibit such desirable apoptosis 
effects, most chemotherapeutic drugs have serious side ejffects that prohibit their long-term use, or use 
in otherwise healthy individuals with precancerous lesions. These side effects, which are a result of the 
high levels of cytotoxicity of the drugs, include hair loss, weight loss, vomiting, immune suppression 
and other toxicities. Therefore, there is a need to identify new drug candidates for therapy "that do not 
have such serious side effects in humans. 

In recent years, several non-steroidal anti-inflammatory drugs ("NSAIDs"), originally developed 
to treat arthritis, have shown effectiveness in inhibiting and eliminating colonic polyps. Polyps virtually 
disappear when the patients take the drug, particularly when the NSAID suUndac is administered. 
However, the prophylactic use of currently available NSAIDs, even in polyposis syndrome patients, is 
marked by severe side reactions that include gastrointestinal irritations, perforations, ulcerations and 
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kidney toxicity. Once NSAID treatment is terminated due to such complications, the polyps return, 
particularly in polyposis syndrome patients. 

Sulindac has been particularly well received among the NSAIDs for the polyp treatment. 
Sulindac is a sulfoxide compound that itself is believed to be inactive as an anti-arthritic agent. The 
sulfoxide is reportedly converted by Hver enzymes to the corresponding sulfide, which is acknowledged 
to be the active moiety as a prostaglandin synthesis inhibitor. The sulfide, however, is associated with 
the side effects of conventional NSAIDs. The sulfoxide is also known to be metaboUzed to sulfone 
compound that has been found to be inactive as an inhibitor of prostaglandin synthesis but active as an 
inhibitor of precancerous lesions. 

SUMMARY OF THE INVENTTON 

This invention includes a method of inhibiting neoplastic cells by exposing those cells to a 

pharmacologically effective amount of those compounds described below. Such compounds are 
effective in modulating apoptosis and ehminating and inhibiting the growth of neoplasias such as 
precancerous lesions, but are not characterized by the severe side reactions of conventional NSAIDs or 
other chemotherapeutics. 

The compounds of that are useful in the methods of this invention include those of 

Formula I: 



0 




wherein R' is a hydrogen atom or a halogen atom; 
R^ is a phenyl-lower alkyl group; 

R^ is a heterocyclic group selected jfrom the group consisting of an indolyl group, indolinyl 

group, IH-indazolyl group, 2(lH)-quinolinonyl group, 3,4-dihydro-2(lH)-quinolinonyl group and 

3,4-dihydro-l,4(2H)-benzoxazinyI group, said heterocycKc group may have 1 to 3 substituents 

selected from the group consisting of: a group of the formula -B-R*, (where B is a lower alkylene 

group; R"^ is a 5- to ll-membered saturated or unsaturated heterocyclic group of single ring or 

binary ring, having 1 to 4 hetero atoms selected &om the groiip consisting of a nitrogen atom, 

oxygen atom and sulfur atom, (said heterocycUc group may have 1 to 3 substituents selected from 

the group consisting of a halogen atom, a lower alky] group, a lower alkoxy group and oxo group) 

or a group of the formula -NR^ R^ (R= and R^ are each the same or different, and a hydrogen atom, a 
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lower alkyl group, a cycloalkyl group, a pyridylcarbonyl group, an isoxazolylcarbonyl group which 
may have 1 to 3 lower alkyl groups as the substituents, a pyrroiylcarbonyl group or an 
amino-substituted lower alkyl group which may have a lower alkyl group as the substituent; further 

and may form 5- to 6-membered saturated heterocychc group by combining to each other, 
together with the adjacent nitrogen atom being bonded thereto, further with or without other 
nitrogen atom or oxygen atom; said heterocyclic group may have 1 to 3 substituents selected jfrom 
the group consisting of a hydroxy group and a phenyl group)); a lower alkenyl group; a lower 
aikoxycarbonyl group; a phenoxy-lower alkyl group which may have cyano group as the 
substituents; a halogen-substituted lower alkyl group; and a lower alkoxycarbonyl-substituted lower 
alkyl group; 

A is a lower alkylene group: and 

nisOorl.. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As indicated above, this invention relates to a method for inhibiting neoplasia, 
particularly cancerous and precancerous lesions by exposing the affected cells to a compound of 
Formula I above. 

Preferably, such compounds are administered without therapeutic amounts of ati NSAID. 

The present invention is also a method of treating mammals with precancerous lesions by 
administering a pharmacologically effective amount of an enterically coated pharmaceutical 
composition that includes compounds of this invention. 

Also, the present invention is a method of inhibiting the growth of neoplastic cells by exposing 
the cells to an effective amount of compounds of Formula I, wherein through R3 etc are defmed as 
above. 

In still another form, the invention is a method of inducing apoptosis in human cells by exposing 
those cells to an effective amount of compounds of Formula I to those cells sensitive to such a 
compound. 

As used herein, the term "precancerous lesion" includes syndromes represented by abnormal 
neoplastic, including dysplastic, changes of tissue. 

Examples include adenomatous growths in colonic, breast or lung tissues, or conditions such as 
dysplastic nevus syndrome, a precui^or to malignant melanoma of the skin. Examples also include, in 
addition to dysplastic nevus syndromes, polyposis syndromes, colonic polyps, precancerous lesions of 
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the cervix (i,e,, cervical dysplasia), prostatic dysplasia, bronchial dysplasia, breast, bladder aad/or skin 
and related conditions (e.g., actinic keratosis), whether the lesions are clinically identifiable or not. 

As used herein, the term "carcinomas" refers to lesions that are cancerous. Examples include 
malignant melanomas, breast cancer, and colon cancer. 

As used herein, the term "neoplasm" refers to both precancerous and cancerous lesions. 

Compounds useful in the methods of this invention may be formulated into compositions 
together with pharmaceutically acceptable carriers for oral administration in sohd or liquid form, or for 
rectal administration, although carriers for oral administration are most preferred. 

Pharmaceutically acceptable carriers for oral administration include capsules, tablets, pills, 
powders, troches and granules. In such sohd dosage forms, the carrier can comprise at least one inert 
diluent such as sucrose, lactose or starch. Such carriers can also comprise, as is normal practice, 
additional substances other than diluents, e.g., lubricating agents such as magnesium stearate. In the 
case of capsules, tablets, troches and pills, the carriers may also comprise buffering agents. Carriers 
such as tablets, pills and granules can be prepared with enteric coatings on the surfaces of the tablets, 
pills or granules. Alternatively, the enterically coated compound can be pressed into a tablet, pill, or 
granule, and the tablet, pill or granules for administration to the patient. Preferred enteric coatings 
include those that dissolve or disintegrate at colonic pH such as shellac or Eudraget S. 

Pharmaceutically acceptable carriers include liquid dosage forms for oral administration, e.g. 
pharmaceutically acceptable emulsions, solutions, suspensions, syrups and elixirs containing inert 
diluents commonly used in the art, such as water. Besides such inert diluents, compositions can also 
include adjuvants such as wetting agents, emulsifying and suspending agents, and sweetening, flavoring 
and perfuming agents. 

Pharmaceutically acceptable carriers for rectal administration are preferably suppositories that 
may contain, in addition to the compounds of Formula I, excipients such as cocoa butter or a 

suppository wax. 

The pharmaceutically acceptable carrier and compounds of this invention are formulated into 
unit dosage forms for administration to a patient. The dosage levels of active ingredient (i.e. 
compounds of this invention) in the unit dosage may be varied so as to obtain an amount of active 
ingredient effective to achieve lesion-eliminating activity in accordance with the desired method of 
administration (i.e., oral or rectal). The selected dosage level therefore depends upon the nature of the 
active compound administered, the route of administration, the desired duration of treatment, and other 
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factors. If desired, the unit dosage may be such that the daily requirement for active compound is in one 
dose, or divided among multiple doses for administration, e.g., two to four times per day. 

Dose of pharmaceutical preparation of the present invention is suitably selected depend on the 
usage, age of the patient, distinguish of sex and other conditions, and degree of the symptom, and 
generally the amoxmt of effective compound may be about 0.6 to 50 mg/kg of the body weight per day. 
The effective compound to be contained in the administration unit form may preferably be in the range 
ofabout lOto 1000 mg. 

The pharmaceutical compositions of this invention are preferably packaged in a container (e.g. a 
box or bottle, or both) with suitable printed material (e.g. a package insert) containing indications, 
directions for use, etc. 

As to the benzimidazole derivatives useful in the present invention represented by the 
general formula (I), there are various types of derivatives are included as follows: 

(1) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein is a hydrogen atom; is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is an indolyl group (wherein the substituents of the indolyl group 
are the same as defined in the general formula (I) as mentioned above). 

(2) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a hydrogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is an indolinyl group (wherein the substituents of the indolinyl 
group are tiie same as defined in the general formula (I) as mentioned above). 

(3) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a hydrogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R3 is a M-indazolyl group (wherein the subsitiients of the IH-indazolyl 
group are the same as defined in the general formula (I) as mentioned above). 

(4) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a hydrogen atom; R2 is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is 2(lH)-quinolinonyl group (wherein the substituents of the- 
2(lH)-quinolinonyl group are the same as defined in the general formula (I) as mentioned above). 
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(5) Benzimidazoie derivatives or salts thereof represented by the general 
formula (I), wherein is a hydrogen atom; is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is 3,4-dihydro-2(lH)-quinolinonyl group (wherein the substitiients 
of the 3,4-dihydro-2(] H)-quinolinony] group axe the same as defined in the general formula (I) as 
mentioned above). 

(6) Benzimidazoie derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a hydrogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is 3,4-dihydro-l,4(2H)-benzoxazinyl group (wherein the 
substituenls of the 3,4-dihydro-l,4(2H)-benzoxazinyl group are the same as defined in the general 
formula as mentioned above). 

(7) Benzimidazoie derivatives or salts thereof represented by the general 
formula (I), wherein R' is a halogen atom; R2 is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is an indolyl group (wherein the substituents of the indolyl group 
are the same as defined in the general formula is (I) as mentioned above). 

(8) Benzimidazoie derivatives^or salts thereof represented by the general 
formula (I), wherein R^ is a halogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is an indolinyl group (wherein the substituents of the indolinyl 
group are the same as defined in the general formula (I) as mentioned above), 

(9) Benzimidazoie derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a halogen atom; R2 is the same as defined in the general formula Q) as 
mentioned above; n is 0, and R^ is a M-indazolyl group (wherein the substituepts of the 
IH-indazoIyl group are the same as defined in the general formula (I) as mentioned above). 

(10) Benzimidazoie derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a halogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is a 2(lH)-quinolinonyl group (wherein the substituents of the 
2(lH)-quinolinonyl group are the same as defined in the general formula (I) as mentioned above). 
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(1 1) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein is a halogen atom; is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is a 3,4-dihydro-2(lH)-<iuinolinonyl group (wherein the 
substituents of Ihe 3j4-dihydro-2(lH)-guinolinonyl is group are the same as defined in the general 
formula (I) as mentioned above). 

(12) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a halogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 0, and R^ is a 3,4-dihydro-l,4(2H)-benzoxazinyl group (wherein the 
substituents of the 3,4-dihydro-l,4(2H) benzoxazinyl group are the same as defin^ in the general 
formula (I) as mentioned above). 

(13) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a hydrogen atom; R' is the same as def ined in the general fomiula (I) as 
mentioned above; n is 1, and R^ is an indolyl group (wherein the substituents of the indolyl group 
are the same as defined in the general formula (I) as mentioned above), 

(14) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a hydrogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R^ is an indolinyl group (wherein the substituents of the indoUnyl 
group are the same as defined in the general formula (I) as mentioned above). 

(1 5) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a hydrogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R^ is a IH-indazolyl group (wherein the substituents of the 
IH-indazolyl group are the same as defined in the general formula (I) as mentioned above). 

(16) Benzimidazole derivatives or salts thereof represented by the general 
fomiula (I), wherein R^ is a hydrogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R^ is a 2(lH)-'quinolinonyl group (wherein the substituents of the 
2(rH)-quinolinolyl group are the same as defined in general formula (I) as mentioned above). 
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(17) Benzimidazole derivatives or salts thereof represented by the general 
fonnula (I), wherein is a hydrogen atom; R- is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R^ is a 3,4-dihydro-2(lH)-quinolinonyl group (wherein the 
substituents of the 3,4-dihydro-2(lH)-quinolmonyl group are the same as defined in the general 
formula (I) as mentioned above). 

(18) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a hydrogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R3 is a 3,4-dihydro-l,4(2H)-benzoxazinyl group (wherein the 
substituents of the 3,4-dihydro-l ,4(2H) benzoxazinyl group are the same as defined in the general 
formula (I) as mentioned above), 

(19) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein is R^ is a halogen atom; R" is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R^ is an indolyl group (wherein the substituents of the indolyl group 
are the same as defined in the general formula (I) as mentioned above). 

(20) Benzimidazole derivatives or salts thereof represented by the general 
fonnula (I), wherein R^ is a halogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R^ is an indolinyl group (wherein the substituents of the indolinyl 
group are the same as defined in the'general formula (I) as mentioned above). 

(21) Benzimidazole derivatives or salts thereof represented by the general 
fonnula (I), wherein R^ is a halogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R^ is a M-indazolyl group (wherein the substituents of the 
IH-indazolyl group are the same as defined in the general formula (I) as mentioned above). 

(22) Benzimidazole derivatives or salts thereof represented by the general 
fonnula (I), wherein R^ is a halogen atom; R^ is the same as defined in the general fonnula (I) as 
mentioned above; n is 1, and R^ is a 2(lH)-quinolinonyl group (wherein the substituents of the 
2(lH)-quinolinonyl group are the same as defined in the general formula (I) as mentioned above). 
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(23) Benziraidazole derivatives or salts thereof represented by the general 
formula (I), wherein is a halogen atom; is the same as dejfined in the general formula (I) as 
mentioned above; n is 1, and R' is a 3,4-dihydro-2(lH)-quinolinonyl group (wherein the 
substituents of 3,4-dihydro-2(lH)-qumolinonyi group are the same as defined in the general formula 
(I) as mentioned above). 

(24) Benzimidazole derivatives or salts thereof represented by the general 
formula (I), wherein R^ is a halogen atom; R^ is the same as defined in the general formula (I) as 
mentioned above; n is 1, and R^ is a 3,4-dihydro-'l,4(2H)-benzoxazmyl group (wherein the 
substituents of 3,4-dihydro-l,4(2H)-benzoxazinyl group are the same as defined in the general 
foraiula (I) as mentioned above). 

As to the halogen atom, such as a fluorine atom, a chlorine atom, a bromine atom and 
iodine atom can be exemplified. 

As to the phenyHower aik}4 group, a phenylalkyl group in which the alkyl moiety is 
a straight or branched-chain alkyl group having 1 to 6 carbon atoms, and said aUcyl group having 1 
to 2 phenyl groups, such as a benzyl, 2-phenyIethyl, 1-phenylethyl, 3-phenylpropyl, 4-phenylbutyl5 
5-phenylpentyI, 6-phenylhexyl, l,l-dimethyl-2-phenylethyl, 2-methyl~3"phenylpropyl, 
diphenyhnethyl and 252-diphenylethyl groups can be exemplified. 

As to the lower alkylene group, a straightor branched-chain alkylene group having 1 
to 6 carbon atoms, such as a methylene, ethylene, trimethylene, 2-methyltrimethylene, 
2,2-dimethyltrimethylene, 1-methyltrimethylene, methyhnethylene, ethyimethylene, tetramethyiene, 
pentamethylene and hexamethylene groups can be exempHfied, 

As to the 5- to 1 1-membered saturated or unsaturated heterocyclic group of single 

ring or binary ring having 1 to 4 nitrogen atoms, oxygen atoms or sulfur atoms as the hetero atoms, 

such as pyrrolidinyl, piperidinyl, piperazinyl, morpholino, thiomorpholino, pyridyl, 

homopiperazinyl, 1,2,5,6-tetrahydropyTidyl, thienyl, quinolinyl, 1,4-dihydroquinolinyl, 

benzothiazolyl, pyrazinyi, pyrimidinyl, pyridazinyl, pyrrolyi, carbostyril, 3,4-dihydrocarbostyril, 

1,2,3,4-tetrahydroquinolinyl, indolyl, isoindolyl, indolinyl, benzimidazolyl, benzoxazolyl, 

imidazolidinyl, isoquinolinyL quinazolidinyl, 1,2,3,4-tetrahydroiso-quinolinyl, 

1,2-dihydroisoquinolinyl, quinoxalinyl, cimiolinyl, phthalazinyl, 1,2,3,4-tetrazolyl, l,2,4'-triazolyl, 

chromanyl, isoindolinyl, isochromanyl, pyrazolyl, imidazolyl, pyrazolidinyl, imidazo[l,2-a]- 

pyridyl, benzofuryl, 2,3-dihydrobenzo[b]fiiryl, benzothteny], 1-azacycloheptyl, 4H-chromenyl, 
P-168 
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IH-mdazolyl, 2-imidazolinyl, 2-pyrrolinyl, fliryl, oxazolyl, oxazolidinyl, isoxazolyl, thiazolyl, 
isothiazolyl, pyranyl, pyrazolidinyl, 2-pyi*azolinyl, quinuclidmyi, 1 ,4-benzoxazmyl, 
3,4-dihydio-2H-l ,4beiizoxa2myl, 3,4-dihydro-2H'-l ,4-benzothiazinyl, 1 ,4-benzothiazmyl, 
1,23,4-tetrahydroqiLinoxalmyl, U3-<iithia-254-dihydronaphthalenyl, tetrahydro-l.S-oxazmyl, 
tetrahydroxazolyl and U4-dithianaphthalexiyl groups can be exemplified. 

As to the heterocyclic group having 1 to 3 substituents selected from the group 
consisting of a lower alkyl group, a lower alkoxy group, a halogen atom and an oxo group, a 
heterocyclic group having 1 to 3 substituents selected from the group consisting of a straight- or 
branched-chain alkyl group having 1 to 6 carbon atoms, a straight- or branched-chain alkoxy group 
having 1 to 6 carbon atoms, a halogen atom and aa oxo group, such as l-oxo-l ,2,3,4-tetrahydroiso- 
quinolinyl, 2-oxopiperidinyl, 2-oxo-l-azacycloheptyl, 2-oxopyrrolidinyl, 1,3-dioxoisoindolinyi, 

2.4- dioxo-imidazohdinyl, 2-oxooxazolidinyl, l-methylimidazolyl, 1-propylimidazolyl, 
4-methylimidazolyl, 5,6-dimethyl-benzimidazolyl, l,4-dimethy]pyn:olyl, 2-isopropylimidazoiyl, 
4-methylpiperazinyl, 4-phenylpiperidinyl, 4-methylthia2:olyl, 2-oxothiazolyl, 5-ethylthiazolyl, 
4-phenylthiazolyl, 4-propylthiazolyl, 5-butylthiazolyl, 4-pentylthiazolyl, 2-hexylthiazolyl, 

3.5- dimethylisooxazolyl, 4,5-dimethylthiazolyl, 5-mefhoxy-4-methyl-thiazo]yl, l-ethylimidazolyl, 

4- propylimidazolyl, 5-butylimidazolyl, l-pentylimidazo1yl, 1-hexyhmidazolyl, 
1,4-dimethylimidazolyl, 1 ,4,5'-trimethylimidazolyl, 1-methyoxyimidazolyl, 2-ethoxyimidazolyL 

5- propoxyimidazolyl, l-methyl-4-chloroiniidazolyl, 4,5-'dichloroimidazolyl, 

3- methyM,2,4-triazolyl, 5-ethy]-l,2,4-triazolyi, 3-methyM,2,4-triazoiyl, 2-oxo-l-methylimidazoly], 
2-oxoiniidazolyl, 2-ethyl-pyrrolyl, S-propylpyrrolyl, 5-butylpyrrolyl, 4pentylpyrrolyl, 
2-hexylpyrrolyl, 2,4,5-trimethylpyrrolyl, 2-bromopyrrolyl, 2,5-dibromopyrrolyl, 
2-methyl-5-methoxypyrrolyl, 2-oxopyrroiyl, l-methyl-l,2,3,4-tetrazolyl, 

1 -isopropyl- 1 ,2,3 ,44etrazolyl, 1 -ethyl- 1 ,2,3 ,4-tetra2:olyl, 1 -propyl- 1 ,2,3 ,4tetrazolyl, 

1- butyl4,2,3,4-tetrazolyl, l-pentyll,2,3,4~tetrazolyl, l-hexyH,2,3,44etrazolyl, 5-methoxyindolyl, 
2'-methylpyridyi, 3-ethylpyridyl, 4-propylpyridy], 2-butylp3nidyl, 3-pentylpyridyl, 4-hexylpyiidy], 

2- methoxypyridyI, 3-phenylpyridyl, 4-phenylpyridyl, 2,4"dimethylpyridyl, 2,4,6trimethylpyridyl, 

2- methyM-chloropyridyl, 2,4difluoropyridyl, 2,4,6-trichloropyridyl, 2-oxopyridyi, 4-oxopyridyl, 

4- methy]-2-oxopyridyl, 2-chloro-4-oxopyridyl, 3'-'methylimidazo-[l,2-a]pyridyl, 4- 
ethylimidazo[l,2-a]pyridyi, 3-methoxyimidazo-[l,2-a]pyridyl, 5-chloroimidazo[l,2-a]pyridyl, 

3- methyl-lH-indazolyl, 3-iodo-lH-indazolyl, l-methyl-l,2,3,4-tetrahydroisoquinoliny], 5-ethyl- 

1 ,2,3,4-tetrahydroisoquinolinyl, 6-bromo- 1 ,2,3,4tetrahydroisoguinolinyl, 
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1- oxo-6'-^melhyl-l,2,3,44etrahydroisoquiiiolinYl, l-oxo-7-methoxy'-l,2,3,4-tetohydroisoqumolinyl, 

3 .4- dimethylpiprazinyl,3 -ethylpyrrolidinyl, 2-propylpyrrolidinyl, 1 ~methylp3m:olidinyl, 
3,4,5-trimethylpiperidmyl, 4-butylpiperidinyl, 3-pentylmorpholmo, 4-hexylpiperazinyl, 3- 
methylthiomorpliolmo, 3-chloropyn:olidinyl, 2-oxo-4-methylpiperiditiyl, 

2- oxo-3-methylpyrrolidmyl, 2-oxo-4-fluoropiperidmyl, 4-methyH-a2acycloheptyl, 
S-methoxy-l-azacycloheptyl, 6-methyl-2'-oxo-l-azacycloheptyl, l-methyl-2-oxoimidazoiidiiiyl, 1- 
isobulyl-2-OKoimidazoiidiny1, ] -methyl-2-oxoimidazolidinyl, 2~oxoletrahydro~U3-oxazinyl, 

3- bromo-2-oxo4-azacycloheptyl, 2-oxo-tetrahydrooxazolyl, 3-chloro-pyridyl, 4-methylpiperazinyl, 

4- isobutylpiperazinyl, 4-methylhomopiperazinyl, 3-chloropiperazinyl, 4-methoxypiperazinyl and 

4- ethylhotnopierazinyl groups can be exemplified. 

As to the lower alkoxy group, a straight- or branched-chain alkoxy group having 1 to 
6 carbon atoms, such as a methoxy, ethoxy, propoxy, isopropoxy, butoxy, teit-butoxy, pentyloxy 
and hexyloxy groups can be exemplified. 

As to the lower alkyl group, a straight- or branched-chain alkyl group having 1 to 6 
carbon atoms, such as a methyl, ethyl, propyl, isopropyl, butyl, isabutyl, tert-butyl, pentyl and hexyl 
groups can be exemplified. 

As to the cycloalkyl group, a cycloalkyi group having 3 to 8 carbon atoms, such as 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyi groups can be 
exemplified. 

As to the isooxazolylcarbony] group which may have 1 to 3 lower alkyl groups as the 
substituents, an isooxazolylcarbonyl group which may have 1 to 3 straight- or branched-chain alkyl 
groups having 1 to 6 carbon atoms as the substitaents, such as isooxazolylcarbonyl, 

3.5- dimethylisooxazolylcarbonyl, S-methylisoxazolylcarbonyl, 4-ethylisooxazolylcarbonyl, 

5- propylisooxazolyicarbonyl, 3-butylisooxazolylcarbonyl, 4-pentyHsooxazolylcarbonyl, 5-hexyl- 
isooxazolylcarbonyl and 3,4,5-trimethylisooxazolylcarbonyl groups can be exemplified. 

As to the amino-substituted lower alkyl group which may have lower alkyl groups as 

the substituents. an amino-substituted straight- or braached-chain alkyl group having 1 to 6 carbon 

atoms, which may have 1 to 2 straight- or branched-chain alkyl group having 1 to 6 carbon atoms as 

the substituents, such as an aminomethyl, 2-aminoethyl, 1-aminoethyl, 3-aminopropyl, 

4-aminobutyl, 5-aminopentyl, 6-aminohexyl, l,ldimethyl-2-aminoetliyl, 2-methyl-3-aminopropyl, 

methyl-aminomethyl, 1-ethylaminoethyl, 2-propylaminoethyl, 3-isopropyIanfmiopropyl, 

4-butylaminobutyl, 5-pentyl-aminopentyl, 6-hexylaminohexyl, dimethylatninomethyl, 
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2-diethylaminoethyl, 2-dimethylarainoethy}, (N-ethyl-N-propylamino)methyl and 

2- (N-methyl-N-hexylamino)ethyl groups can be exemplified. 

As to the 5- to 6-membercd saturated heterocyclic group formed by combining 
and together with the adjacent nitrogen atom being bonded thereto, fiirfher with or without other 
nitrogen atom or oxygen atom, such as pyrrolidinyl, piperidinyl, piperazinyl and morpholino groups 
can be exemplified. 

As to the said heterocyclic group having 1 to 3 substituents selected from the group 
consisting of ahydroxyl group and a phenyl group, such as 4-phenyl-4-hydroxypiperidinyi, 

4- plienylpiperazinyi, 3-phenylpiperazinyl, 3-hydroxypyrrolidinyl, 4-hydroxy-piperazinyI, 

5- phenytoiorpholino, 2,4-diphenyI-piperazinyl, 3-phenylpyrrolidinyl, 2,3,4-triphenyl-piperazinyl, 

3- hydroxymorpholino, 2-phenyl-2-hydroxymorphoHno and 3-phenyl-3-hydroxypiperazinyl groups 
can be exemplified. 

As to the lower alkenyl group, a straight- or branched-chain alkenyl group having 2 
to 6 carbon atoms, such as a vinyl, allyl, 2-butenyl, 3-butenyl, 1-methylallyl, 2-pentenyl and 

2- hexenyl groups can be exemplified. 

As to the lower alkoxycarbonyl group, a straight- or branched-chain alkoxycarbonyl 
group having 1 to 6 carbon atoms, such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyi, 
isopropoxycarbonyl, butoxycarbonyl, tert-butoxycarbonyl, pentyloxycarbonyl and 
hexyioxycarbonyl groups can be exemplified. 

As to the phenoxy-iower alkyl group which may have cyano groups as the substituents on the 
phenyl ring, a phenoxy group-substituted straight- or branched-chain alkyl group having 1 to 6 
carbon atoms, which may have 1 to 3 cyano groups as the substituents on the phenyl ring, such as a 
phenoxymethyl, 2-phenpxyethyl, 1-phenoxyethyl, 4-phenoxybutyl, 5-phenoxypentyl, 

6- phenoxyhexyl, l,l-dimethyl-2-phenoxyethyl, 2-methyl3-phenoxypropyl, 
(2-cyanophenoxy)me%l, 2-(2-cyanophenoxy)ethyl, 3-phenoxypropyl, 4-(3-cyanophenoxy)- butyl, 
5-(2-cyanophenoxy)pentyl, 6-(3-cyanophenoxy)hexyl, (4-cyanophenoxy)methy}, 

3- (2-cyanophenoxy)propyl, 3-(3-cyanophenoxy)propyl, l-(3-cyanophenoxy)ethyl, 
3-(3,4-dicyanophenoxy)propyl and 2-(3,4,5-cyanophenoxy)ethyl groups can be exemplified. 

As to the halogen atom-substituted lower aJkyl group, a straight- or branched-chain 

alkyl group having I to 6 carbon atoms, having 1 to 3 halogen atoms as the substituents, such as 

trifluoromethyl, trichloromethyl, chloromethyl, bromomethyl, fluoromethyl, iodomethyl, 

difluoromethyl, dibromomethyl, 2-chloroethyl, 2,2,2-trifluoroethyl, 2,2,2-trichloroethyl, 
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3-bromopropyl, 3-chloropropyl, 2,3-dichloropropyl, 4,4,4-trichlorobutyl, 4-fluorobutyl, 
5-chloropentyl, 3-c]iloro-2-methylpropyl, 5-bromohexyl and 5,6-dichlorohexyl groups can be 
exemplijaed. 

As to the lower alkoxycarbonyl groupsubstituted lower alkyl group, a straight- or 
branched-chain alkoxycarbonylalkyl group in which the alkyl group is a straight- or bratiched-chain 
alkyi group having 1 to 6 carbon atoms, and the alkoxycarbonyl moiety is a straight- or 
branched-chain alkoxycarbonyl group having 1 to 6 carbon atoms, such as methoxycarbonylmetliyl, 
3-methoxycarbonylpropy], ethoxycarbonybnethyl, 3-ethoxycarbonyIpropyl, 4-ethoxycarbonylbutyl, 
5-isopropoxycarbonyipentyl, 6-propoxycarbonylhexyl, 1,1 -dimethyl-2-butoxycarbonylethyl, 
2-methyl-3-tert-butoxycarbonyIpropyl, 

2-pentyloxycarbonylethyI and hexyloxycarbonyhnethyl groups can be exemplified. 

Compounds of Formula I may be prepared by any suitable method known in the art 
or by the following processes that are set forth in PCT/JP96/01841, which is incorporated herein by 
reference. In the methods below, Ri, R\ and are as defined in Formula I above, unless otherwise 
indicated. 



Reaction formula I 




'""-^'t'' (3) 



I/I >cooH L^iz. rvv^ 

1 ' ,/^**^N H n 



• • r' % 

(2) ^' 

(1) 

wherein R„ , R3 , A and n are the same as defined above. ] 

The method as shown in Reaction formula I is the reaction of a benzitnidazole 
compound (a carboxylic acid) of the formula (2) with an amine of the formula (3) by a common 
amide bond formation reaction. The acid amide bond formation reaction can easily be carried out by 
the reaction conditions of amide bond formation known in the art. For example, (a) a mixed-acid 
anhydrides method: i.e., a method by 

reacting a carboxylic acid (2) with an ester of alkylhalocaiboxylate to fomi a mixed-acid anhydride, 

then by reacting it with an amine (3); (b) an activated ester method: i.e., a method by changing a 
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carboxylic acid (2) to an activated ester form, e.g., p-nitro phenyl ester, N-hydroxysuccinimide 
ester, 1 -hydoxybenztriazole ester, or the hke, then by reacting the activated ester with an amine 
(3); (c) a carbodiimide method: i.e., a method by reacting a carboxylic acid (2) with an amine (3) in 
the presence of an activating agent, e.g., dicyclohexylcarbodiimide, carbonyldiimidazole or the like; 
(d) othex method; for example, a method by changing a carboxylic acid (2) with a dehydrating 
agent, e.g., acetic anhydride to form carboxylic acid anhydride, then by reacting said acid anhydride 
with an amine (3); a method by reacting an ester of a carboxylic acid (2) and a lower alcohol, with 
an amine (3) at an elevated temperature; a method by reacting a acid halogenide of a carboxylic acid 
(2), e.g., a carboxylic ax;id halide, with an amine (3), and the like can be exemplified. 

The mixed ax;id anhydride, which is used in the above-mentioned a mixed-acid 
anhydrides method, can be prepared by a method similar to tiiat employed in common 
Schotten-Baumann reaction, said mixed-acid anhydride is used witiiout being isolated from the 
reaction system, and reacted with an amine (3) to obtain a bentimidazole compound of the general 
formula (I) of the present invention. The above-mentioned Schotten-Baumann reaction is carried 
out in the presence of a basic compound. As to the basic compound to be used in the reaction, usual 
basic compoimds used in Schotten-Baumann reaction, for example organic bases such as 
triethylaraine, trimethylamine, pyridine, dimethylaniline, l-methyl-2-pyrrolidinone (NMP), 
N-methybnorpholine, l,5-dia2abicyclo[4.3.0]nonene-5 (DBN), l,8-diazabicyclo[5.4.0]undecene-7 
(DBU), l,4diazabicyclo[2.2.2]octane (DABCO) and the like, and inorganic bases such as potassium 
carbonate, sodium carbonate, potassium hydrogencarbonate, sodiirai hydrogencarbonate and the like 
can be exemplified. 

Said reaction is generally carried out at about -20 to 100°C, preferably at about 0 to 

50°C, and the reaction time is about 5 minutes to 10 hours, preferably about 5 minutes to 2 hours. 

The reaction of the thus obtained mixed acid anhydride with an amine (3) is carried out at about -20 

to 150°C, preferably at about 10 to 50°C, and the reaction time is about 5 minutes to 10 hours, 

preferably about 5 minutes to 5 hours. Generally, the mixed-acid anhydride method is carried out in 

a solvent. As to the solvent to be used for the reaction, any solvent commonly used for the 

mixed-acid anhydride method can be used, specifically halogenated hydrocarbons such as 

chloroform, dichloromethane and the'like; aromatic hydrocarbons such as benzene, 

p-chiorobenzene, toluene, xylene and the like; ethers such as diethyl ether, diisopropyl ether, 

tetrahydrofuran, dimethoxyethane and the like; esters such as methyl acetate, ethyl acetate and the 

like; aprotic polar solvents such as N,N-dimethyIfomiamide, dimethyl sulfoxide, acetonitrile, 
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hexamethylphosphoric triamide and the like; and mixed solvents thereof can be exemplified. As to 
the alkylhalocarbonic acid ester used in the mixed-acid anhydride method, methyl chlaro-formate, 
methyl bromoforaiate, ethyl chloroformate, ethyl bromoformate, isobutyl chloroformate and the like 
can be exemplified. Ratio of the amounts of a carboxylic acid (2), an alkylhalocarboxylic acid ester 
and an amine (3) used in said method may be equimolar quantities, respectively, and within the 
range of about 1 to 1.5 times the molar quantities of the alkylhalocarboxylic acid ester and the 
carboxylic acid (2), respectively, can be used to 1 molar quantity of the amine (3). 

Among the methods (d), in case of using the method by reacting carboxylic acid 
halide with an amine(3), said reaction can be carried out, in the presence of a basic compound, in a 
suitable solvent As to the basic compound to be used, known compound selected from a wide 
range can be used, for example in addition to the basic compounds used in the Schotten-Baumann 
reaction, sodium hydroxide, potassium hydroxide, sodium hydride, potassium hydride and the Hke 
can be exemplified. As to the solvent to be used in the reaction, for example in addition to the 
solvents used in the above-mentioned mixed acid anhydride method, alcohols such as methanol, 
ethanol, propanal, butanol 3-methoxyl-butaaol, ethyl cellosolve, methyl cellosolve and the like; 
pyridine, acetone, water can be exemphfied. Ratio of the amount of amine (3) and to the amount of 
carboxylic acid halide is not specifically restricted and can be suitably selected from a wide range, 
generally, at least about an equimolar quantity, preferably about an equimolar to 5 times the molar 
quantity of the latter may be used to the former. Generally, said reaction is carried out at about -20 
to 180''C, preferably at about 0 to 150°C, and generally, the reaction is completed within for about 5 
minute to 30 hours. 

Furthermore, the amide bond formation reaction shown in the above-mentioned 
Reaction formula I can also be carried out by reacting a carboxylic acid (2) with an amine (3), in the 
presence of a phosphorus compound as a condensing agent, such as phenylphosphin2, 
2,-dithiopyridine, diphenylphosphinyl chloride, phenyl-N-phenylphosphoramide chloridate, 
diethylchlorophosphate, diethyl cyanophosphate, diphenylphosphoric acid azide or 
bis(2-oxo-3-oxazoHdinyl)phospliinic chloride, as a condensing agent. 
Said reaction is carried out, in the presence of the solvent and the basic compound used in the 
reaction of the above-mentioned carboxylic acid haHde with an amine (3) generally at about -20 to 
150*C, preferably at about 0 to lOO^'C, and the reaction is generally completed within about 5 
minute to 30 hours. The amounts of the condensing agent and the carboxyUc acid (2) may be about 
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eqiiimolar quantity, preferably about equimolar to 2 times the molar quantity, respectively to the 
amount of the amine (3). 

The reaction as shown in Reaction fonnula I can Also be carried out by reacting an 
ester of carboxylic acid (2) and a lower alcohol with an amine (3) in a solvent or without solvent, 
and in the presence or absence of a basic compound. Generally, the reaction is carried out at about 
room temperature to 200°C, preferably at about room temperature to 120°C and generally, the 
reaction is completed within 30 minutes to 5 hours. The amine (3) is used in an amount at least 0.5 
times the molar quantity, preferably 0.5 to 3 times the molar quantity to an equimolar quantity of 
the ester of carboxylic acid (2) and a lower alcohol. As to the solvent to be used in this reaction, 
any solvent used in the above-mentioned reaction of a carboxyHc acid halide with an amine (3) can 
also be used. As to the basic compound to be used in this reaction, in addition to the basic 
compounds used in the above-mentioned method for reacting an carboxylic acid halide with an 
amine (3), for example an alkali metal alcoholate, such as sodium methylate, sodium ethylate, 
potassium methylate, potassium ethylate or the like can be exempHfied. 

The reaction as shown in Reaction formula I can also be caixied out by reacting, in a 
suitable solvent, an aluminum compound such as lithium aluminum hydride, trimethyl aluminum 
and the hke as a condensing agent with an amine (3), then reactmg the resulting reaction product 
rij with an ester of carboxylic acid (2) and a lower alcohol. As to the solvent used in this reaction, 
^ ethers such as dioxane, diethyl ether, diglyme, letrahydrofuran and the like; aromatic hydrocarbons 
such as benzene, toluene, xylene and the like; aliphatic hydrocarbons such as cyclohexane, heptane, 
hexane and the like; and the mixtures of these solvents can be exempHfied. The amine (3) may be 
used at least in an equimolar quantity, preferably in an equimolar to 5 times the molar quantity of 
the ester of the carboxylic acid (2) and lower alcohol. The condensing agent may be used at least in 
an equimolar quantity, preferably in an equimolar to 1.5 times the molar quantity of the ester of the 
carboxyHc acid (2) and lower alcohol. The reaction of the condensing agent with the amine (3) is 
generally carried out at about -80 to lOO^C, and the reaction is generally completed within for about 
30 minutes to 20 hours. The subsequent ester reaction of the carboxyhc acid (2) with the lower 
alcohol is carried out generally at room temperature to 200°C, preferably at about room temperature 
to 150°C, and the reaction is generally completed within 1 to 10 hours. 
Reaction fonnula II 



m 
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R ■ r2 

^^"^ (lb) 

wherein R\ , A and n axe the same as defined above; 
R^"* is a heterocycHc group as defined in R^ which may have 1 to 2 substituents 
selected firom the group consisting of: a group of the formula -B-R"^ (B and R'^ are the same as 
defined above); a lower alkenyi group; a lower alkoxy-carbonyl group; a phenoxy-lower alkyl group 
which may have cyano groups as the substituents in the phenyl ring; a halogen substitiited-lower 
alkyl group; and a lower alkoxycarbonyl substituted-lower alkyl group; further R^"" is a heterocychc 
group as defined in R^ , having a group of the fomiula -NH- in said heterocyclic group: 

R^ is a heterocyclic group as defined in R^ which may have 1 to 2 substituents 
selected from the group consisting of: a group of the formula -B-R"^ (B and R'^ are the same as 
defined above); a lower alkenyi group; a lower alkoxy-carbonyl group; a phenoxy-lower alkyl group 
which may have cyano groups as the substituents in the phenyl ring; a halogen substituted-lower 
alkyl group; and a lower alkoxycarbonyl substituted-lower alkyl group; farther R^^ is a heterocyclic 
group as defined in R^ , having a group of the formula ~N(R^) _ (R*^ is a group of the formula -B~R^ 
(wherein B and are the same as defined above); a lower alkenyi group, a lower alkoxycaihonyi 
group; a phenoxy-lower alkyl group which may have cyano groups as the substituents in the phenyl 
ring; a halogen substituted-lower alkyl group; or a lower alkoxycarbonyl substituted-lower alkyl 
group) in said heterocyclic group; X is a halogen atom, a lower alkanesulfonyloxy group, an 
arylsulfonyoxy group or an aralkylsulfonyloxy group]. 

As to the lower alkanesulfonyloxy group, specifically methanesulfonyloxy, 
ethanesuifonyloxy, propanesulfonyloxy, isopropanesulfonyloxy, butanesulfonyloxy, 
tert-butanesuJfonyloxy, pentanesulfonyloxy and hexanesulfonyloxy groups and the like can be 
exemplified. As to the arylsulfonyloxy group, specifically substituted or unsubstituted 
arylsulfonyloxy groups such as phenylsulfonyloxy, 4-methylphenylsulfonyloxy, 
2-methylphenylsulfonyloxy, 4-nitrophenyl-sulfonyloxy, 4-methoxyphenylsulfonyloxy, 3-chloro- 
phenylsulfonyloxy and a-naphthylsulfonyloxy groups and the hke can be exemplified. 

As to the aralkylsulfonyloxy group, specifically substituted or unsubstituted 
aralkylsulfonyloxy groups such as ben2ylsulfonyloxy, 2-phenylethyl-sulfonyloxy, 
4-phenyIbutylsuIfonyloxy, 4-methylben2ylsulfonyloxy, 2-methylbenzylsulfonyloxy, 
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4-mtroben2yl-sulfoiiyloxy, 4-methoxybemylsulfonyloxy, 3-cWorobeiizYlsulfonyloxy and 
a-naphthylmethylsulfonyloxy groups can be exemplified. 

The reaction of a compound (la) with a compound (4) is carried out, generally in a 
suitable inert solvent, in the presence or absence of a basic substances. As to the inert solvent for 
example aromatic hydrocarbons such as benzene, toluene, xylene and the like; ethers such as 
tetrahydrofuran, dioxane, diethylene glycol dimethyl ether and the like; halogenated hydrocarbons 
such as dichloromethane, chloroform, carbon tetrachloride and the like; lower alcohols such as 
methanol, ethanol, isopropanol, butanol, tert-butanol and the Uke; acetic acid, ethyl acetate, acetone, 
acetonitrile, pyridine, dimethyl sulfoxide, dimethyl formamide, hexamethylphosphoric triamide; and 
mixtures of these solvents can be exemplified. As to the basic substances, carbonates such as 
sodium carbonate, potassium carbonate, sodium hydrogencarbonate, potassium hydrogencarbonate 
and the hke; metal hydroxide such as sodium hydroxide, potassium hydroxide and the like; sodium 
hydride, potassium metal, sodium metal, sodium amide; metal alcoholales such as sodium 
methylate, sodium ethylate and the like; organic bases such as pyridine, N-ethyldiisopropyl-amine, 
dimethylaminopyridine, triethylamine, l,5"-diazabicyclo(43.0]nonene-5 (DBN), 1,8-diazabicyclo- 
[5.4,0]imdeceTie-7 [DBU], l,4-diazabicyc]o[2.22]octan€ (DABCO) and the like can be exemphfied 
Ratio of the amounts of compound (la) and compound (4) is not specifically restricted and can be 
selected from a wide range, generally at least about an equimolar quantity, preferably about an 
equimolar to 10 times the molar quantities of the latter may be used to the former. The reaction is 
generally carried out at about 0 to 200°C, preferably at about 0 to 170''C, and generally, the 
reaction-is completed within 30 minutes to 75 hours. Alkah metal halogenides such as sodium 
iodide, potassium iodide; or copper metal powder may be added to the reaction system. 



Reaction formula 11 




( 1 c) (Id) 

wherein R^ R^' A and n are the same as defined above; 

R^"^ is a heterocyclic group as defined in R^ which may have 1 to 2 substituents 

selected firom the group consisting of: a group of the formula -B-R4, (Band R"^ are the same as 

defined above); a lower alkenyl group; a lower alkoxy-carbonyi group; a phenoxy-lower alkyl group 

which may have cyano groups as the substituents in Ihe phenyl ling; a halogen substituted-lower 

alkyl group; and a lower alkoxycarbonyl substituted-lower alkyl group; further R^° is a heterocyclic 
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group as defined in , having a group of the formula -N(R^)(R^ is a halogen substitnted-lower 
alkyl group) in said heterocyclic group; 

R^^ is a heterocyclic group as defined in R^ which may have 1 to 2 substituents 
selected from the group consisting of: a group of the formula -B-R"^ (B and R"^ are the same as 
defmed above); a lower alkenyl group; a lower alkoxy-carbonyl group; a phenoxy-lower alkyl group 
which may have cyano groups as the substituents in the phenyl ring; a halogen substituted-lower 
alkyl group; and a lower alkoxycarbony] substituted-lower alky] group; further, R^"^ is a heterocyclic 
group as defmed in R^ , having a group of the formula -N(R^^)(R^'^ is a group of the formula -B-R"^ 
(B and R"^ are the same as defmed above); or a phenoxy4ower alkyl group which may have cyano 
groups as the substituents in the phenyl ring) in said heterocyclic group; 

R^ is a group of the formula -R^ (R^^ is a heterocyclic group as defined in R'*, having 
at least one group of the formula ~N< in said heterocyclic group, or a group of the formula -NR^R^ 
(R^ and R^ are the same as defined above); or a phenoxy group which may have cyano groups as the 
substituents in the phenyl ring) 

The reaction of a compound (Ic) with a compound (5) is carried out under the 
reaction condition similar to the reaction condition of a compound (la) with a compound (4) in the 
above-mentioned Reaction Formula 11. 



Reaction formula IV 




wherein R\ R^ A and n are the same as defined above; 

R^"" is a heterocyclic group as defined in R^ which may have 1 to 2 substituents 

selected from the group consisting of: a group of the formula -B-R"* (B and R"^ are the same as 
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defined above); a lower alkenyl group; a lower alkoxycarbotiyl group; a phenoxy-lower alkyl group 
which may have cyano groups as the substituents in the phenyl ring; a halogen substituted4ower 
alkyl group; and a lower aikoxycarbonyl substituted-lower alkyl group; further R^^ is a heterocyclic 
group as defined in , having a group of the fonnula-N(R^^)-, (R^^ is a phthahmide 
substituted-lower alkyl group) in said heterocyclic group; R^Us a heterocyclic group as defined in 
R^ which may have 1 to 2 substituents selected from the group consisting of: a group of the formula 
-B-R"^ (B and R"^ are the same as defmed above); a lower alkenyl group; a lower alkoxy-carbonyl 
group; a phenoxy-lower alkyl group which may have cyano groups as the substituents in the phenyl 
ring; a halogen substituted-lower alkyl group; and a lower aikoxycarbonyl substituted-lower alkyl 
group; 

further R^^is a heterocychc group as defined in R^ , having a group of the formula -N(R^^)-(R^^ is an 
amino group-substituted lower alkyl group) in the heterocyclic ring; 

R^^ is a heterocyclic group as defmed in R^ which may have 1 to 2 substituents 
selected firom the group consisting of: a group of the formula -B-R"^ (wherein B and are the same 
as defined above); a lower alkenyl group; a lower aikoxycarbonyl group; a phenoxy-lower alkyl 
group which may have cyano groups as the substituents in the phenyl ring; a halogen 
substituted-lower alkyl group; and a lower aikoxycarbonyl substituted-lower alkyl group; further R^^ 
is a heterocyclic group as defined in R^ , having a group of the foimula-N(B->4R'^R^^)- (B is the 
same as defined above; R^Ms a hydrogen atom, a lower alkyl group, a cycloalkyl group, a 
pyridylcarbonyl group, an isoxazolylcarbonyl group which may have 1 to 3 lower alkyl groups as 
the substituents; a pyrrolycarbonyl group or an amino group substituted-lower alkyl group which 
may have lower alkyl groups as the subsitituents; R^4s a lower alkyl group, a cycloalkyl group or 
an amino group substituted-lower alk}4 group which may have lower alkyl groups as the 
substituents) in said heterocycUc group; 

R^^ is a heterocyclic group as defined in R^ which may have 1 to 2 substituents 

selected firom the group consisting of: a group of the formula -B-R"^ (B and R"^ are the same as 

defmed above); a lower alkenyl group; a lower alkoxy-carbonyl group; a phenoxy-lower alkyl group 

which may have cyano groups as the substituents in the phenyl ring; a halogen substituted-lower 

alkyl group; and a lower aikoxycarbonyl substituted-lower alkyl group; further R^^' is a heterocychc 

group as defined in R^ , having a group of the formula '-N(B-NR^R^'^)- (B and R^^ are the same as 

defined above; and R^'^ is a pyiidylc^bonyl group, an isoxazolylcarbonyl group which may have 1 

to 3 lower alkyl groups as the substituents, or a pyrrolylcarbonyl group) in said heterocycUc group; 
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R^^ and R^^ are each, a hydrogen atom or a lower alkyl group, respectively). 

The reaction for introducing a compound (If) from a compound (le) can be carried 
out by reacting a compound (le) with hydrazine in a suitable solvent or by hydrolysis of a compound 
(le). As to the solvent to be used in the reaction of a compound (le) with hydrazine, in addition to 
water, solvents similar to those can be used in the reaction of a compound (la) with a compoxmd (4) 
in the above-mentioned Reaction fonnula-2 can be used. This reaction is carried out generally at 
about room temperature to 1 20^C, preferably at about 0 to 1 OO'^C, and the reaction is generally 
completed within 0.5 to 15 hours. The amount of hydrazine is at least about an equimolar quantity, 
preferably aa equimolar to 5 times the molar quantities can be used to a compound (le). 

The above-mentioned hydrolysis reaction of a compound (le) can be carried out in a 
suitable solvent or without solvent, in the presence of an acid or basic compound. As to the solvent 
to be used, water, lower alcohols such as methanol, ethanol, isopropanol and the like; ketones such 
as acetone, m.ethyl ethyl ketone and the like; ethers such as dioxane, teti'ahy dro fliran, ethylene 
glycol dimethyl ether and the like; fatty acids such as acetic acid, formic acid and the like; and 
mixtures of these solvents can be exemplified. As to the acid to be used, mineral acids such as 
hydrochloric acid, sulfuric acid, hydrobromic acid and the like; organic acid such as formic acid, 
acetic acid, aromatic sulfonic acid such as p-toluenesulfonic acid and the like can be exempHfied. 
As to the basic compound to be used, metal carbonates such as sodium carbonate, potassium 
carbonate and the like, metal hydroxides such as sodium hydroxide, potassixmi hydroxide, calcium 
hydroxide, lithium hydroxide and the like can be exemplified. 

Generally, said reaction is suitably carried out at about room temperature to 200°C, 
preferably at about room temperature to ISO^C, and generally the reaction is completed within about 
10 minutes to 25 hours. 

The reaction of a compound (if) with a compound (8) is carried out under the 
reaction condition similar to that of employed in the reaction of a compound (2) with a compound 
(3) in the above-mentioned Reaction formula 1. 

The reaction of a compound (If) with a compound (6) is carried out, generally in a 

suitable inert solvent, in the presence or absence of a basic substance. As to the inert solvent to be 

used in the reaction, aromatic hydrocarbons such as benzene, toluene, xylene and the like; ethers 

such as tetrahydrofiiran, dioxane, diethylene glycol dimethyl ether and the like; halogenated 

hydrocarbons such as dichloromethane, chloroform, carbon tetrachloride and the Uke; lower 

alcohols such as methanol, ethanol, isopropanol, butanol, tert-butanol and the hke; acetic acid, ethyl 
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acetate, acetone, acelonitrile, pyridine, dimetliy] sulfoxide, dimethyl formamide, 
hexamethyl-phosphoric triamide; or mixtures of these solvents can be exemplified. As to the basic 
substances to be used in the reaction, carbonates such as sodium carbonate, potassium carbonate, 
sodium hydrogen-carbonate, potassixim hydrogencarbonate; metal hydroxides such as sodium 
hydroxide, potassium hydroxide; sodium hydride, potassium metal, sodium metal, sodium amide, 
metal alcoholates such as sodium methylate, sodium ethylate and the like; organic bases such as 
pyridine, N-elhyl-diisopropylamine, dimethylaminopyridine, triethylamine, 
l,5-diazabicyclo[4.3.0)nonene-5 (DBN), l,8-diazabi-cyclo[5.4.0]undecene-7 (DBU), 
l,4-diazabicyclo-[2.2,2]octane (DABCo) and the like can be exempUfied, 

Ratio of the amounts of a compound (If) to a compound (6) is not specifically 
restricted, and can be selected firom a wide range, at least about an equimolar quantity, preferably an 
equimolar to 10 times the molar quantities of the latter may be used to the former. 

Said reaction is carried out generally, at about 0 to 200^C, preferably at about 0 to 
1 70^C, and the reaction is completed within 30 minutes to 75 hours. Into the reaction system, an 
alkali metal halogenidcs such as sodium iodide, potassium iodide or the like, copper powder may be 
added. 

The reaction of a compound (1 f) with a compound (7) is carried out without solvent 
or in a suitable solvent, in the presence of a reducing agent. As to the solvent to be used in liie 
reaction, water; alcohols such as methanol, ethanol, isopropanol and the hke; acetonitrile; formic 
acid, acetic acid; ethers such as dioxane, diethyl ether, diglyme, tetrahydrofiiran and the hke; 
aromatic hydrocarbons such as benzene, toluene, xylene and the like; and mixtures of these solvents 
can be exemplified. As to the reducing agent, formic acid, ammonium formate, alkah metal salts of 
fatty acid such as sodium formate; hydride reducing agents such as sodium borohydride, sodium 
cyanoborohydride, lithium aluminum hydride and the like; catalytic hydrogenation reducing agents 
such as palladium-black, palladium-carbon, platinum oxide, platinum black, Raney nickel and the 
like can be exemplified. 

In case of using formic acid as a reducing agent, reaction temperature is generally at 
about room temperature to 200T, preferably at about 50 to 150°C may be suitable, and the reaction 
is completed within about 1 to 10 hours. Fomaic acid may be used in a large excess amount against 
a compound (if). 

In case of using hydride reducing agent, reaction temperature is generally at about 

-30 to lOO^'C, preferably at about 0 to 70°C may be suitable, and the reaction is completed for about 
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30 minutes to 12 hours. Reducing agent may be used generally in about an equimolar to 20 times 
the molar quantities, preferably about I to 6 times the molar quantities to a compound (If). 
Particularly, in case of using lithium aluminum hydride as the reducing agent, preferably ethers such 
as diethyl ether, dioxane, tetrahydrofiiran, diglyme and the like; aromatic hydrocarbons such as 
benzene, toluene, xylene and the like may be used. 

Furthermore, in case of using a catalytic hydrogenation reduciag agent, the reduction 
is carried out in hydrogen gas atmosphere under about normal pressure to 20 atmospheric pressure, 
preferably about normal pressure to 10 atmospheric pressure, on the other hand in case of using 
reduction in the presence of a hydrogen donating agent such as formic acid, ammonium fomiate, 
cyclohexene, hydrazine hydrate or the Uke, the reducing reaction may be carried out'at about -30 to 
lOO'^C, preferably at about 0 to 60°C, and generally the reaction is completed within I to 12 hours. 
The catalytic hydrogenation reducing agent may be used generally in an amount of 0.1 to 40% by 
weight, preferably 1 to 20 % by weight to compound (If). The hydrogen donating agent may be 
used in an amount of a large excess quantity to compound (If), 

Compound (7) may be used, generally at least in an equimolar quantity, preferably an 
equimolar to a large excess quantity to compound (If). 

The reaction of compound (If) with compound (9) is carried out without solvent or 
in a suitable solvent, in the presence or absence of a basic compound. As to the suitable solvent, for 
example aromatic hydrocarbons as previously mentioned; lower alcohols such as methanol, ethanol, 
propanol and the Hke; dimethylformamide, dimethyl sulfoxide and the like; halogenated 
hydrocarbons such as chloroform, methylene chloride and the like; acetone, pyridine and the like 
can be used. As to the basic compound for example, organic bases such as triethylamine, pyridine, 
sodium hydroxide, potassium hydroxide, sodium hydride and the like can be exemplified. The 
above-mentioned reaction can also be carried out in a solvent, such as acetic acid, in the presence of 
a mineral acid such as sulfuric acid Ratio of the amount of compound (9) may be used in an 
equimolar to a large excess quantity to the starting material, and the reaction is carried out generally 
at about 0 to 200°C, preferably at about 0 to 150°C, and the reaction is completed within 0.5 to 20 
hours. 

Compound (2) and compound (3) that reportedly are used for the starting materials 

are easily prepared by methods as shown in Reaction formula V through Reaction, formula 9 as 

follows: 
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g (2) (2a) (13) 

Q wherein and R^ are the same as defined above; R^*^ is a lower alkoxy group; R^^ is a 

ntower alkoxy group; R^^ is a lower alkyl group; X\ and X^^ are each hydrogen atom, respectively. 

03 The reaction of a compound (9a) with a compound (10) can be conducted in a suitable 

Solvent in the presence of an acid. As to the solvent to be used in the reaction, for example water, lower 

^alcohols such as methanol, ethanol, isopropanol and the like; ketones such as acetone, methyl ethyl ketone 

Cfcid the hke; ethers such as dioxane, tetrahydroluran, ethylene glycol dimethyl ether and the Uke; fatty 

^cids such as acetic acid, formic acid aad the like; mixtures of these solvents, can be mentioned. As to the 

r;kcid to be used in the reaction, mineral acids such as hydrochloric acid, sulfuric acid, hydrobromic acid 

and the like; organic acids such as formic acid, acetic acid, aromatic sulfonic acids such as 

p-toluenesulfonic acid can be exemplified, A compound (10) may be used at least in an equimolar 

quantity, preferably an equimolar to 2 times the molar quantities to a compound (9a). Said reaction is 

carried out preferably at about room temperature to 200°C, desirably at about room temperature to 150*^C, 

the reaction is generally completed within 0.5 to 5 hours. 

The reaction of a compound (1 1) with a compound (12) is carried out imder the reaction 

condition similar to that employed in the reaction of a compound (la) with a compound (4) in the 

above-mentioned Reaction formula IL In the case, a compound (12) may be used as a solvent in a large 

excess quantity. 

The reaction for introducing a compound (13) to a compound (2a), and the reaction 

for introducing a compound (2a) to a compound (2) are carried out under the reaction condition 

similar to that employed in the hydrolysis for introducing a compound (le) to a compound (If) 
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among the reactions shown in the abovementioned Reaction forraula-4. The reaction of a 
compound (9a) with a compound (10a) is carried out under the reaction condition similar to that 
employed in the above-mentioned reaction of a compound (9a) with a compound (10), or is carried 
out in a suitable solvent, in the presence or absence of an acid, in the presence of an oxidizing agent. 
As to the solvent to be used therein, water; lower alcohol such as methanol, ethanol, isopropanol 
and the like; ethers such as dioxane, tetrahydxofuran, ethylene glycol dimethyl ether and the like; 
fatty acids such as acetic acid, formic acid and the like; n-hexane; aromatic hydrocarbons such as 
benzene, toluene and the like; and mixtures of these solvents can be exemplified. As to the 
oxidizing agent to be used therein, iodine, nitro compounds such as nitrobenzene; dehydrogenating 
catalysts such as palladium-carbon, can be exemplified. 

A compound (10a) may be used g^erally at least in an equimolar quantity, preferably in 
an equimolar to 3 times the molar quantities to a compound (9a). An oxidizing agent may be used 
generally in 0.1 times the molar quantity or more, preferably 0.1 to 2 times the molar quantities. 
The reaction is completed within for about 10 minutes to 5 hours. The reaction temperature and the 
acid to be used are similar to the reaction conditions employed in the above-mentioned reaction of a 
compound (9a) with a compound (10), In said reaction, when an.oxidizing agent is added, then the 
desired compound (2a) of high purity can be obtained in high yield. 

Reaction Formula VI, 

n 

(3 a) 

wherein R^^ , R^^ , A, n, R'^ and x are the same as defined above; R^° is an amino 
group or a group capable to convert into an amino group. As to a group of R^*^ capable to convert 
into an amino group, groups which can be converted into an amino group by conventional method, 
e.g., reduction, hydrolysis or the Hke, such as a nitro group, a cyano group, an azide group, a 
phthalimide group, can be exemplified. 

The reaction of a compound (3a) with a compound (4) is carried out under the 
reaction condition similar to that employed in the reaction of a compound (la) with a compound (4) 
in the above-mentioned Reaction Formula IT. 



R^X (4) 



n 

(3 b) 



20 
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Reaction Formula VII 



n n 
(3c) (3d) 

wherein R^"^ , R^"^ , A, n, R^° and are the same as defined above.]. 

The reaction of a compound (3c) with a compoxmd (5) is carried out under the 

reaction condition similar to that employed in the reaction of a compound (Ic) with a compound (5) 

in the above-mentioned Reaction Formula III 



Reaction Formula VIII 




R^^OH (8) 



n n 

(3h) 

wherein R'^ A, n, R^', R'^ R'^ R'\ R'\ R'\ R^^' and X are the same as defined 

above. 

The reaction for introducing a compound (3e) to a compound (3f) is carried out under 
the reaction condition similar to that employed in the reaction of a compound (le) with a compound 
(If) ia the above-mentioned Reaction formula TV. 

The reaction of a compound (3f) with a compound (6) or a compound (7) is carried 
out under the reaction condition similar to that employed in the reaction of a compound (1 f) with a 
compound (6) or a compound (7) in the above-mentioned Reaction Formula IV. 

The reaction of a compound (3f) with a compound (8) or a compound (9) is earned 
out under tite reaction condition similar to that employed in the reaction of a compound (If) with a 
compound (8) or a compound (9) in the above-mentioned Reaction Formula IV. 

Each one of compounds (3a), (3b), (3c), (3d), (3e), (3f), (3g) and (3h) wherein R^^ is 
nitro group, can be introduced to each one of the corresponding compounds (3a), (3b), (3c)^ (3d), 
(3e), (3f), (3g) and (3h) wherein R^°is amino group by reducing reaction. Said reducing reaction is 
carried out for example (i) by reducing each one of the former compounds in a suitable solvent by 
using a hydrogenation catalyst or (ii) by reducing each one of the former compounds in a suitable 
inert solvent, by using a chemical reducing agent such as a mixture of a metal or metal salt with an 
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acid; or a metal or metal salt with an alkali metal hydroxide, sulfide, ammonium salt; or a hydride 
reducing agent such as Uthium aluminum hydride. 

In case of conducting the above-mentioned method of (i) by using the hydrogenation 
catalyst, as to the solvents for example, water, acetic acid, alcohols such as methanol, ethanol, 
isopropanol and the like; hydrocarbons such as hexane, cyclohexane and the like; ethers such as 
dioxane, tetrahydrofuran, diethyl ether, diethylene glycol dimethyl ether and the like; esters such as 
ethyl acetate, methyl acetate and the like; aprotic polar solvents such as N,N~dimethyIfomiamide 
and the hke; and mixtures of these solvents can be exemplified. As to the catalyst to be used for 
catalytic hydrogenation, palladium, palladium-black, palladium-carbon, platinum, platinum oxide, 
copper chromite, Raney nickel and the like can be exemplified. The catalyst may be used generally, 
in an amouat of 0.02 to an equivalent quantity to the starting material. The reaction is carried out 
generally at about -20 to 150°C, preferably at about 0 to 100°C, and under 1 to 10 atmospheric 
pressure of hydrogen gas, and the reaction is completed generally within 0.5 to 10 hours. Further, an 
acid such as hydrochloric acid may be added to the reaction system. In case of conducting method 
of (ii) as above, a mixture of iron, zinc, tin or stannous chloride with a mineral acid such as 
hydrochloric acid or sulfuric acid; or iron, ferrous sulfate, zinc or tin with an alkaU metal hydroxide 
such as sodium hydroxide, a sulfide such as ammonium sulfide, ammonia water, an ammonium salt 
such as ammonium chloride; or a hydride reducing agent such as lithium aluminum hydride may be 
used as a reducing agent. As to the inert solvent to be used in the reaction, water, acetic acid, 
methanol, ethanol, dioxane or the like may be exemplified. In case of using lithium aluminum 
hydride as the reducing agent, ethers such as diethyl ether, dioxane, tetrahydrofuran, diglyme and 
the Hke may preferably be used as the solvent. The condition of the abovementioned reducing 
reaction may be suitably selected in accordance with the reducing agent to be used, for example, in 
case of using a mixture of stannous chloride with hydrochloric acid as the reducing agent, the 
reaction may be carried out advantageously at about 0 to 80°C, and for about 0,5 to 10 hours. The 
reducing agent is used at least in an equimolar quantity, generally in an equimolar to 5 times the 
molar quantities to the starting compound. 

Each one of compounds (3a), (3b), (3c), (3d), (3e), (3f), (3g) and (3h), wherein is 

nitrile group can be introduced to each one of the corresponding compounds (3a), (3b), (3c), (3d), 

(3e), (3f), (3g) and (3h), wherein R^*^ is amino group by reducing reaction. For this reducing 

reaction, a hydride reducing agent is preferably used. As to the hydride reducing agent, lithium 
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aluminum hydride, lithium borohydride, sodium borohydride, diborane and the lii:e can be 
exemplified. The reducing agent is used at least in an equimolar quantity, preferably in the range of 
an equimolar to 15 times the molar quantities to the starting compound. Said reducing reaction is 
carried out in a suitable solvent, for example water; lower alcohols such as methanol, ethanol, 
isopropanol and the like; ethers such as tetrahydrofuran, diethyl ether, diisopropyl ether, diglyme 
and the like; and mixtures of these solvents, and generally at about -60 to 150°C, preferably -30 to 
lOOT, and for about 10 mdnutes to 15 hours. In case of using lithium aluminum hydride or 
diborane as the reducing agent, anhydrous solvents such as tetrahydroforan, diethyl ether, 
diisopropyl ether, diglyme and the like can be used as the solvent. Further, in case of using sodium 
borohydride as the reducing agent, the reaction is advantageously proceeded by adding a metal 
halide such as cobalt chloride or the like to the reaction system. 

Each one of compounds (3a), (3b), (3c), (3d), (3e), (3f), (3g) and (3h), wherein is 
aphthalimido group can be introduced to each one of the corresponding compounds (3a), (3b), (3c), 
(3d), (3e), (3f), (3g) and (3h), wherein R^^ is an amino group by treating under the reaction condition 
similar to that of employed in the reaction for introducing compound (le) to compound (If) in the 
above-mentioned Reaction Formula IV. 

Each one of compounds (3a), (3b), (3c), (3d), (3e), (3f), (3g) and (3h), wherein R^' is 
an azido group can be introduced to each one of the corresponding compounds (3a), (3b), (3c), (3d), 
(3e), (3f), (3g) and (3h), wherein R^^ is an amino group by treating under the condition similar to 
those employed in the above-mentioned reduction of nitro group by using a catalytic hydrogenation 
or reduction of nitrile group by using a hydride reducing agent. 

Reaction Formula IX 




(14) (2b) 



wherein R^ R^ and X are the same as defined above; R^^ is a hydrogen atom or a 
lower alkyl group. 
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The reaction of a compound (14) with a compoimd (15) is carried out under the 
reaction condition similar to that employed in the reaction of a compound (la) with a compound (4) 
as shown in the above-mentioned Reaction Formula II. 

A compound represented by the general formula (I), wherein is a substituted or 
unsubstituted 2(ffi[)-qumolinonyl group can be introduced to the corresponding compound wherein 
is a substituted of unsubstituted 3,4-dihydro-2(H)-qmnoliiionyl group when the former is 

subjected to reducing reaction. 

A compound represented by the general formula (I), wherein R^ is a substituted or 
unsubstituted 3,4-dihydro-2(lH)-quinolinonyl group can be introduced to the corresponding 
compound wherein R^ is a substituted or unsubstituted 2(lH)-qainohnonyl group when the former is 
subjected to dehydrogenation reaction. 

In carrying out the above-mentioned reducing reaction, a usual catalytic 
hydrogenation condition can be appHed. As to the catalyst to be used in the reaction, metal catalysts 
such as palladiumi, palladiumcarbon, platinum, Raney-nickel and the like can be exemphfied, and 
such a catalyst is used in usual catalytic quantity. Further, as to the solvent to be used in the 
reaction, alcohols such as methanol, ethanol, isopropanol and the like; ethers such as dioxane, 
tetrahydrofuran and the like; aliphatic hydrocarbons such as hexane, cyclohexane and the like; esters 
such as ethyl acetate; fatty acids such as acetic acid can be exempHiBed. Said reducing reaction can 
be carried out either under normal pressure or under high pressure condition, and generally about 
under nonnal pressure to 20 kg/cm^ , preferably under normal pressure to 10 kg /cm^ . The reaction 
may be carried out generally at about 0 to ISO^C, preferably at about room temperature to lOO^C. 

The above-mentioned dehydrogenation reaction is carried out m a suitable solvent, 
by using an oxidizing agent. As to the oxidizing agent, for example boDZoquinones such as 
2,3-dichloro-5,6dicyanobenzoquinone, chloranil(2,3,5,6-tetrachlorobenzoquinone) and the like; 
N-bromosuccinimide, N-chlorosuccinimide, halogenating agents such as bromine and the like; 
dehydrogenation catalysts such as selenium dioxide, palladium-carbon, palladium-black, palladium 
oxide, Raney-nickel and the Uke can be exemplified. The amount of the halogenating agent is not 
specifically restricted, and can be suitably 

selected from a wide range, generally about 1 to 5 times, prefereably 1 to 2 times the molar 
quantities may be used to the starting compound. The dehydrogenation catalyst may be used in a 
usual catalytic amount. As to the solvent, ethers such as dioxane, tetra-hydrofiuran, methoxyethanol, 
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dimQthoxyethanol and the like; aromatic hydrocarbons such as benzene, toluene, xylene, cumene 
and the like; halogenated hydrocarbons such as dichloromethan, dichloroethan, chloroform, carbon 
tetrachloride and the like; alcohols such as butanol, amylalcohol, hexanol and the hke; protic polar 
solvents such as acetic acid; aprotic polar solvents such as dimethyl formamide, dimethyl sulfoxide, 
hexamethylphosphoric trimamide and the hke can be exemplified. Said reaction is carried out 
generally at about room temperature to preferably at about room temperature to 200°C, and 
is completed generally for about 1 to 40 hours. 

Among compounds represented by the general formula (I), a compound having 
acidic group can form a salt with pharmaceutically acceptable basic compound. As to such basic 
compound for example, metal hydroxides such as sodium hydroxide, potassium hydroxide, lithium 
hydroxide, calcium hydroxide and the like; carbonates or bicarbonates of alkah metals such as 
sodium carbonate, sodium hydrogencarbonate and the like; alkah metal alcoholates such as sodium 
methylate, potassium ethylate and the hke can be exempUfied. Furthermore, among compounds 
represented by the general formula (I), a compound having basic group can form a salt with 
common pharmaceutically acceptable acid. As to such acid for example, inorganic acids such as 
sulfuric acid, nitric acid, hydrochloric acid, hydrobromic acid and the like; organic acids such as 
acetic acid, p-toluenesulfonic acid, ethanesulfonic acid, oxalic acid, maleic acid, fumaric acid, citric 
acid, succinic acid, benzoic acid and the like can be mentioned. These salts can also be used, similar 
to compounds represented by the general formula Q) in free form, as compounds of effective 
ingredient in the present invention. Moreover, compounds represented by the general formula (I) 
involve inevitably their sterioisomers and optical isomers, and these isomers can also be used as 
compounds of effective ingredients. 

The objective compounds prepared by each of these Reaction formulae I to IV can be 
isolated from the reaction system by common separating methods, and can be further purified. As 
to methods for separation and purification, for example, distillation, recrystallization, column 
chromatography, ion-exchange chromatography, gel chromatography, affinity chromatography, 
preparative thin layer chromatography, solvent extraction and others can be applied. 

EXAMPLES 

Reference example 1 
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To 100 ml of acetic acid solution contaimng 20 g of 2-ben2ylamino-4-chloroamline 
is added 15 ml of O-methyl-trichloroacetoimidate at 0 to 250C, and stirred the mixture at room 
temperature for 3 hours. Then water is added to the reaction mixture, the separated crystals are 
collected by filtration to obtain 29.6 g of l-benzyl-6-chlc>o-2-trichloromethyi-benzimidaicole in the 
form of pale brown powder. 

'H-NMR (250 MHz, DMS0-d6) 5 ppm. 5.94 (2H, s), 7.04 (2H, d, J=6.5Hz), 7.25-7.5 (5H, m), 7.88 
(IH, d, J=9.0Hz). 

Reference example 2 

Fifty (50) ml of methanol suspension contaimng 5 g of l-benzyl-6-chloro-2- 
trichloro-methylbenzimidazole and 7.7 g of potassium carbonate is heated and refluxed for 24 
hours. After the reaction mixture is filtrated, the solvent is removed by distillation under reduced 
pressure, the residue thus obtained is dissolved in chloroform, then after removal of the insoluble 
matters by filtration, the solvent is removed by distillation to obtain 4.7 g of 
l-benzyl-6-chloro-2-trimethoxymethylbejizimidazole in the form of brown oily substance. Said oily 
substance is dissolved in 50 ml of acetone, and 1 g of p-toluenesulfonic acid is added, the mixture is 
refluxed for 2 hours, the solvent is removed under reduced pressure. The residue thus obtained is 
dissolved in chloroform, and the solution is washed with water, an aqueous solution saturated with 
sodium hydrogencarbonate, then is dried with anhydrous magnesium sulfate, and the solvent is 
removed by distillation. The residue is crystallized by using diisopropyl ether-ethyl acetate to obtain 
2.84 g of methyl l-ben2yl-6-chlorobenzimidazole-2-carboxylate in the form of light brown powdery 
product. Melting point: 184-186°C. 

Reference example 3 

To 4.4 g of 5-mtro-I-(3-phtiialimidopropyl)-indole is added 200 ml of 
dimethylfomamide, further is added 0.15 g of 10% palladium-carbon and hydrogenized at 65*C, 
under the pressure of 4 k^cm', for 7 hours. After the reaction is finished, the reaction mixture is 
filtrated, and the solvent is removed by distillation under reduced pressure. The thus obtained 
residue is treated to a silica column chromatography (eluent; 3% methanol/dichloromethane) to 
obtain 3.4 g of 5-amino-l-(3-phaialimidopropyl)indole in the form of brown needle crystals. 
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H-NMR {250MHz, CDCI3) 5 ppm 2.16-2.28 (2H, m), 3.73 (2H, t, J-7Hz), 4.12 (2H, J=7Hz), 
6.28 (IH, d, J-3Hz), 6.646.69 (IH, m), 6.9 (IH, 4 J-2HzX 7.1 1-7.14 (2H, m), 7,7-7.73 (2H, m), 
7.82-7.86 (2H,m). 

By using suitable starting materials, and by method similar to that employed in 
Reference example 3, there are obtained compounds of Reference examples 15-22, 26-33, 47 and 
49. 



Reference example 4 



To 23 g of lithium aluminum hydride is added 100 ml of tetrahydrofuran, under 
stirring condition, and 6 g of 5-cyano-l-[3-(2-isopropyHmidazoH-yl)propyl]indole is gradually 
added thereto. The mixture is refluxed for 4 hours, then after confirmation of that the reaction is 
finished, under cooling at C'C, 2.3 ml of water, 2.3 ml of 10% aqueous solution of potassium 
hydroxide and 7 ml of water are gradually added thereto. The reaction mixture is diluted with ethyl 
acetate, then filtrated with Celite, and the solvent is removed by distillation, 5.3 g of 
5-aminomethyH-[3-(2-isopropyl- . imidazoi-i-yl)propyl]indole is obtained in the form of yellow 
oily product. 

B-NMR (250MHz, CDCI3) 8 ppm: 1.22 (6H, d, J=7H2), 2,3-2.4 (2H, m), 2.7-2.8 (2H, m), 3.81 (2H, 
t, J=7.5Hz), 3.95 (2H, s), 4.16 (2H, t, J-7Hz),6.51 (IH, d, J=3Hz), 6.77 (IH, d, J=l .5Hz), 6.98-7.04 
(2H, m), 7.19 (2H, s), 7.57 (IH, S). 

By using a suitable starting material and by a method similar to that employed in 
Reference example 4, there is obtained a compound of Reference example 5 shown in Table 1 as 
follows. 



Reference 
exaimple Mn. 
5 



Table i 
NH2 



R3 




,£ r]^al form 
Brown solid 



H 



Reference example 6 

1 .5 Grams of 5-nitroindole is dissolved in 70 ml of dimethyl formamide, then 370 

mg of sodium hydride (in oil) is added thereto, the mixture is stirred under nitrogen gas stream at 
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60X for 1 hour. Under cooling at O^^C, 1.63 g of 5-chlorometliyW-isopropyH,2,3,4-tetrazole is 
added, the reaction mixture is stirred at room temperature for 4.5 honrs. After the reaction is 
finished, water is added to the reaction mixture, then the separated crystals are collected by 
filtration and washed with water. The crystals are dissolved in dichloromethane, the solution is 
dried with' anhydrous magnesium sulfate, and the solvent is removed by distillation under reduced 
pressure. The residue obtained is subjected to a silica gel column chromatography (eluent: 
dicbloromethane - 3% methanol/dichloromethane), there is obtained 23 g of 
l-(I-isopropyl-l,2,3,4-tetrazol-5-'ylmethyl)-5-nitroindole as in the form of yellow powder. 
B-mR (250 MHz, CDCI3) 5 ppm: 1.35 (6H, d, J-6.SHz), 4.37-4.47 (IH, 5,70 (2H, s), 6.79-6.81 
(IH, m\ 121-130 (IH, m), 7.48 (IH, d, J=9HZX 8.12-8.17 (IH, m), 8.59 (IH, d, J=2Hz). 

By using suitable starting materials and by method similar to that employed in 
Reference example 6, there are obtained compounds of Reference examples 7 to 49 as shown in 
Tables 2 to 8 as follows. 
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Table 2 - ;a; n-R2 « 

Reference 

example No. Q - (A) n- R3 
7 NO ~ 



crystal form 



2 " Yellow 

p o w d e r V 
product 



NO, 



NO. 



1 1 NO. 



12 NOa 





Yellow 
PCH3 powdery 
product 



Yellow 
powdery 

^ A. product 




jo no^ 



Yellow 
powdery 

U L 11 II rw product 





Brown 
oily 
N-N product 



CH 




Brown 

powdery 

product 
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Reference 

example No, 



14 



Table 3 
° - (A) n- 



NO, 



NO, 



- (A) n-R2 0 




Crystal form 
Dark vello^ 
po wderv 
product 



Dark yellow 

powdery 

product 



15 



NH, 



Xj9 q 



16 




GCH3 Brown oily 
product 



17 



18 



NH, 



NH, 




CN 




Pale brown 
oily product 



Pale brown 
oily product 
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m 

IS 

SSSSf 

B 



Table 4 

Hef erence 

example No. rzo ~ (A) n- 



19 



20 



21 



22 



23 



NH5 



NH, 



-CH, 



- (A) n-R2 0 

P3 




(CH2): 



CH 
CH3 




(CH2) 



o 




PCH3 



Crystal f 
Black oily 
product 



orm 






.CH3 

99. 



(CH2)3N. 



5 



Brown 

powdery 

product 



^^rk violet 
^ily product 



I^ark violet 
oily product 



Yellow oily 
product 



24 



CN 




(CH2)3Ci 



Pale yellow 
Oily product 
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Table 5 Rs _ f^) n-R^ " 

Reference 

example No. - (A) n- os 

25 "ii; :: ■ . crystal form 



2 6 NH, 



27 NH, 



28 NH, 



29 NH, 



30 NHj 



31 NH, 




,. o 








UCH3 
^CH3 



Brown oily 
product 



Oxly product 



Brown oily 
product 



Black Oily 
product 



Brown oily 
product 



Brown oily 
product 
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Table 6 r3 _ (a) n-R^ o 

Reference 

e xample No. Rzo - (a) n- ps 

"I2 " "liT" ' • g_^ystal form 

Brown needle 
crystals 



33 NH2 



35 NO2 



36 NO- 



38 MO, 




\ ^ Brown oily 

product 




34 NO2 - rw ^3 

' Yellow 

powdery 

product 




0 icn^ii 

0 




Yellow 

powdery 

product 



'N^JJ^^'^X Yellow 

l^wji^ IJ 0 powdery 
N ^ ^ product 



Q <CH2)3; 



- W-il Yellow 



^^i/^j^ powdery 
(CH^^a product 




(CH^)3^Q] 



Yellow 

powdery 

product 
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Table 7 

Hef erence 

example No. R2 o ^ (;^) j^. 
39 I 



40 



NO, 



(A) n-R2 




(CH2)3H Jl 




{CH2)3a 



Crystal form 
Yellow 
powdery 
product 



Yell ow oily 
product 



4 1 
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NO, 



NO, 




CH 
^CH3 



X)3 



cic 



.CH3 

C31-, 



{CH2)3H 




CHn 



Yellow oily 
product 



Yellow 

po.wdery 

product 



Yellow 

powdery 

producr 



44 



CN 



CH 




Pale yellow 
oily product 



45 



NO, 



(CH2)3C1 



Brown 

powdery 

product 



43 



Reference '''''' R-(A)n-H.o 3 

example No. R2 o „ 

NO2 ■ . .££Z£iii_for£ 

.0^ Yellow solid 

product 



47 



48 



NO. 



O 49 m 



2 





Slack Oily 
product 



yellow 

powdery 

product 



^^ark brown 
Oily product 
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The NMR spectrum data of compounds obtained in the above-mentioned Reference 
examples are shown as follows. 

Compound of Reference example 5 
'H-NMR (250MHz, CDCI3) 6 ppm: 1.60 (2H, brs), 4.07 (2H, d, J=1HZ), 7.10-7.26 (3H, in), 
7.36-7.39 (IH, m), 
7.65-7.68 (IH, m) 8.12 (IH, brs). 

Compound of Reference example 7 
'H-NMR {250MHz, DMS0-d6) 5 ppm: 2.2-2.4 (2H, m), 4.20 (2H, t, J=7.5Hz), 4.29 (2H, t, 
J=7.5H2), 6.44 (IH, d, J=3Hz), 6.77 (IH, d, J=3Hz), 7.0-7.2 (2H, m), 7.35-7.45 (2H, m), 7.5-7.75 
(3H, m), 7.97-8.02 (IH, m), 
15 8.58 (m,d, J=2Hz). 

Compound of Reference example 8 
•H-NMR (250MHz, CDCl^) 5 ppm:2.4-2.5 (2H, m), 3.86 (3H, s),4.07-4.13 (4H, m), 6.47 (IH, t, 
J==2.5HZ),20 6.69 (IH, d, .T=3.5Hz), 6.83-6.88 (IH, m), 7.01 (IH, d, J=3Hz), 7.07-7.18 (4H, m), 
8.06 (IH, dd, J=2.5Hz, 9Hz), 
8.59 (IH, d, J=2.5Hz). 

Compound of Reference example 9 
'H-NMR (250MHz, DMS0-d6) 5 PPM: 2.2-2.3 (2H, m), 3.97 (2H, t, J=6Hz), 4.46 (2H, t, J=7Hz), 

6.77 (IH, d, J=3Hz), 7.23-7.27 (IH, m), 7.37-7.51 (3H, m), 7.67-7,72 (2H, m), 7.98 (IH, dd, 
J=2Hz, 9Hz), 

8.57 (IH, d, J=2Hz). 

Compound of Reference example 10 
•H-NMR (250MHz, DMO-d6) 5 ppm: 2.25-2.35 (2H, m), 4.07 (2H, t, J=6Hz), 4.48 (2H, t, J=7Hz), 

6.78 (IH, d, J=3Hz), 7.07-7.19 (2H, m), 7.61-7.78 (4H, m), 8.0 (IH, dd, J=2Hz, 9Hz), 8.58 (IH, d, 
J=2Hz). 
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Compound of Reference example 1 1 
•H-NMR (250MHz, CDCI3) 5 PPM: 1.57 (6H, d, J=6.5Hz), 2.2-2.3 (2H, m), 2.89 (2H, t, J=7Hz), 
3.08 (2H, t J=9Hz), 3.44 (2H, t, J=7Hz), 3.67 (2H, t, J=9HZ), 4.4-4.6 (IH, m), 6.24 (IH, d, J=9Hz), 
7.85-7.9 (IH, m), 7.99-8.03 (IH, m). 

Compound of Reference example 12 
•H-NMR (250MHz, DMS0-d6) 5 ppm: 1.9-2.0 (2H, m), 3.01 (2H, t, J=8.5Hz), 25 3.37 (2H, t, 
J=9Hz), 3.66 (4H, m), 6.51 (IH, d, J-9HZ), 7.78-7.96 (6H, m). 

Compound of Reference example 13 
"H-NMR (250MHz, DMS0-d6) 5 ppm: 2-0-2.1 (2H, ra), 3.02 (2H, I, J=8.5Hz), 3.25 (2H, t, 
J=7.5Hz), 3.62 (2H, t, J=8.5Hz), 3.74 (3H, s), 4.21 (2H, t, J=7Hz), 6.30-6.35 (2H, m), 6.73-6.78 
(IH, m), 7.05 (IH, d, J=2.5Hz), 7.32 (IH, d, J=3Hz), 7.38 (lH,d, J=9Hz), 7.80 (IH, s), 7.90-7.95 
(lH,m). 

Compound of Reference example 14 
•H-NMR (250MHz, MS0-d6) 6 ppm: 2.0-2.1 (2H, m), 3.02 (2H, t, J=8.5Hz), 3.27 (2H, t, J=7.5H2), 
3.62 (2H, t, J=9Hz), 15 4.26 (2H, I, J=7Hz), 6.34 (IH, d, J-9H2), 6.44-6.45 (IH, m), 6.98-7.15 (2H, 
m), 7.38 (IH, d, J=3Hz), 7.48-7.56 (2H, 7.80 (IH, d, J=2.5Hz), 7.93 (IH, dd, J=2.5Hz, 9Hz). 

Compound of Reference example 15 
'H-NMR (250MHz, CDCI3) 6 ppm: 2.35-2.45 (2H, m), 4.00-4.11 (4H, m), 6.33-6.34 (IH, m), 6.52 
(IH, d, J=3Hz), 6.64-6.68 (IH, m), 6.94-7.22 (7H, m), 7.64 (IH, d, J=7.5Hz). 

Compound of Reference example 16 

'H-NMR (250MHz, CDCI3) 5 ppm: 2.35-2.45 (2H, m), 3.85 (3H, S), 3.99-4.07 (4H, m), 6.33 (IH, 
d, J=3Hz), 

6.43 (IH, d, J=3Hz), 6.64-6.68 (IH, m), 6.83-6.88 (IH, m), 6.94-6.97 (2H, m), 7.01-7.04 (2H. m), 
7.10-7.13 (2H,m). 
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Compound of Reference example 17 
'H-NMR (250MHz, CDClj) 5 ppm: 2.25-2.35(2H, m), 3.4-3.6 (2H, br), 3.85 (2H, t, J=6Hz), 4.30 
(2H, t, J=6.5Hz), 6.28-6.30 (IH, m), 6.62-6.66 (IH, m), 6.92-6.97(2H, m), 7.0-7.15 (3H, m), 
7.23-7.26 (IH, m), 7.33-7.39 (IH, m) 

Compound of Reference example 18 
'HNMR (250MHz, CDClj) 5 ppm 2.3-2.4 (2H, m), 3.3-3.7 (2H, br), 3.89 (2H, t. J=8Hz), 4.38 (2H, 
t, J=8Hz), 6.26 (IH, d, J=3Hz), 6.6-6.7 (IH, m), 6.75-6.81 (IH, m), 6.91 (IH, s), 7.0-7.1 (2H, m), 
7.17-7.20 (IH, 

7.4-7.5 (IH, m), 7.58 (IH, d, J=8Hz). 

Compound of Reference example 19 
'H-NMR (250MHz, CDCI3) 5 ppm: 1.55 (6H, d, J=6.5Hz), 2.1-2.25 (2H, m), 2.8-3.4 (8PI, m), 
4.51-4.62 (IH, 

6.2- 6.6 (3H,m) 

Compound of Reference example 20 
•H-NMR (250MHz, CDCI3) § ppm: 1.92-2.04 (2H, m), 2.6-3.5 (8H, brm), 3.83 (2H, t, J=7Hz), 

6.3- 6.6 (3H, m), 7.67-7.86 (4H, ra). 

Compound of Reference example 21 
•H-MR (250MHz, CDCI3) 5 ppm: 10 2.0-2.2 (2H, m), 2.8-3.0 (4H, m), 3.19 (2H, t, J=8Hz), 3.86 
(3H,S), 

4.25 (2H, t, J=6.5Hz), 6.2-6.3 (IH, m), 6.4-6.5 (2H, m), 6.57 (IH, s), 6.84-6.88 (IH, m), 7.08-7.11 

15 7.26 (IH, t, J=5Hz). 

Compound of Reference example 22 
'H-NMR (250MHz, CDCI3) 5 ppm: 2.1-2.2 (2H, m), 2.8-3.0 (4H, m), 3.20 (2H, t, J=8Hz), 4.29 (2H, 
t, J=7Hz), 

20 6.2-6.3 (lH,m), 6.4-6.6 (3H, m), 7.1-7.3 (3H, ra), 7.38 (IH, d, J=8Hz), 7.64 (IH, d, J=7.5Hz). 
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Compound of Reference example 23 
•H-NMR (250MHz, CDCI3) 6 ppm: 1.22 (6H, d, J=7Hz), 2.3-2.4 (2H, m), 2.7-2.8 (2H, m), 
3.81 (2H, t, J=7.5Hz), 3.95 (2H, s), 4.16 (2H, I, J=7Hz), 6.51 (IH, d, J=3Hz), 6.77 (IH, 

d, J=1.5Hz), 6.98-7.04 (2H, m), ' 
7.19 (2H,sX 7.57 (lH,s). 

Compound of Reference example 24 

'H-NMR (250MHz, MC13) 5 ppm 2.23-2.33 (2H, m), 3.45 (2H, t, J=6Hz), 4.38 (2H, t, J=6.5HZ), 
6.60 (IH, d, J=3.5HZ), 7.2 (IH, s), 7.44 (2H, d, J=lHz), 7.98 (IH, t, J=lHz). 

Compound of Reference example 25 

•H-NMR (250MHz, CDCI3) 5 ppm: 2.6-2.7 (2H, m), 2-8-2.9 (2H, m), 3.55 (2H, brs), 4.4-4.6 (2H, 
m), 5.1-5.3 (2H, m), 5-8-6.0 (IH, m), 6.5-6.6 (2H, m), 6.8-6.9 (IH, m). 

Compound of Reference example 26 
•H-NMR (250MHz, CDCI3) 6 ppm 2.36-2.46 (2H, m), 3.3-3.7 (2H, br), 4.0-4.1 (4H, m), 6.2-6.4 
(2H,m), 

6.6-6.7 (IH, m), 6.93 (IH, d, J=2Hz), 7.0-7.1 (2H, m), 7.30 (IH, d, J=2Hz), 7.56 (IH, d, J=1.5Hz). 

Compound of Reference example 27 
'H-NMR (250MHz, CDCI3) 5 ppm: 2,4-2.6 (2H, m), 3.1-3.8 (2H, br), 4-1-4.3 (4H, m), 6.33 (IH, d, 
J=3Hz), 

6.68 (IH, dd, J=8.5Hz, 2Hz), 6.9-7.1 (3H, 7.97 (2H, d, J=12Hz). 

Compound of Reference example 28 

■H-NMR (250MHz, CDCI3) 5 ppm: 2.0-2.1 (2H, m), 2.85-2.9 (4H, m), 3.19 (2H, t, J=9Hz), 4.11 
(2H, t, J=7Hz), 6.25 (IH, d, J=8Hz), 6.45-6.5 (IH, m), 6.5-6.6 (IH, m), 6..93 (IH, s), 7.08 (IH, s), 
7.49 (IH, s). 



Compound of Reference example 29 
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•H-NMR (250MHz, CDCI3) 5 ppm: 1 .7-2.0 (4H, 2.2-2.4 (2H, 2.5-2.7 (4H, 2.9-3.0 (4H, 3.01 
(2H, t, J=7H2), 3.24 (2H, t, J-8Hz), 6.37 (IH, d, J=8Hz), 6.4-6.5 (IH, m), 6.56 (IH, s), 7.3-7.4 (3H, 
7.52 (2H, d, J=7Hz). 

Compound of Reference example 30 

'E-m/iR (250MHz, CDCI3) S ppm: 1.43 (6H, d, .r=6.5Hz), 2.4-2.5 (2H, m). 2.59 (2H, t, J=BHz), 
4.1-4.2 (IH, m). 4.29 (2H, t, J=6.5), 6.3 (IH, d, J=2.5Hz), 6.62-6.66 (IH, m), 6.92-7.03 (3H, m). 

Compound of Reference example 3 1 
'H-NMR (250MHz, CDCI3) 6 ppm: 1.25 (6H,d, J=6,5Hz), 4.2-4.3 (IH, 5.57 (2H, s), 6.4 (IH, d, 
J=3Hz), 

6.64-6.69(lH, m), 6.9 (IH, d, J-2Hz),6.99 (lH,d, J=3Hz), 7.1 (IH, d, J=8.5Hz). 

Compound of Reference example 32 
'H-NMR (250MHz, CDCI3) 6 ppm 15 2.16-2.28 (2H, m), 3.73 (2H, t, J=7Hz), 4.12 (2H, t, J=7Hz), 
6.28 (IH, d, J=3Hz), 6.64-6.69 (IH, m), 6.9 (IH, d, J=2Hz), 7.1 1-7.14 (2H, m), 7.7-7.73 (2H, m), 
7.82-7.86 (2H, m). 

Compound of Reference example 33 
'H-NMR (250MHz, CDCI3) 6 ppm: 2.35-2.5 (8H, m), 4.0-4.1 (4H, 6.35 (IH, d. J=2.5Hz), 6.67-6.70 
(lH,m), 

6.96-7.06 (4H, m), 7.57 (IH, s), 7.70 (IH, s). 

Compoimd of Reference example 34 
•H-NMR (250MH2, CDCI3) 6 ppm:l. 5-1.7 (IH, br), 1.76-1.87 (4H, m), 2.1-2.2 (2H, m), 2.43-2.5 
(4H,m), 

2.7-2.8 (2H, m), 3.08 (2H, t, J=8.5Hz), 3.33 (2H, t, J=7Hz), 3.68 (2H, t, J=8.5Hz),6.32 (IH, d, 
J=9Hz), 7.2-7.4 (3H, m), 7.52 (2H, d, i=7HZ), 7.88 (IH, s), 8.02-8.06 (IH, m). 

Compound of Reference example 35 
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■H-NMR {250MEIZ, CDCI3) 8 ppm: 2.1-2.18 (2H, m), 3.09 (2H, t, J=8.5HZ), 3.20 (2H, t, J=7Hz), 
3.59 (2H, t, J=8.5Hz), 4.07 (2H, t, J=7Hz), 6.17 (IH, d, J=9HZ), 6.92 (IH, t, J=1.5Hz), 7.12 (IH, s), 
7.48 (IH, s), 7.91 (IH, s), 8.02-8.06 (IH, m). 

Compound of Reference example 36 
■H-NMR (250MHz, DMS0-d6) 5 ppm: 2.1 -2.2 (2H, ra), 3.61 (2H, t, J=7Hz), 4.36 (2H, t, J=7Hz), 
6.75 (IH, d, J=2.5Hz), 7.71-7.76 (2H, m), 7.8-7.9 (4H, in), 7.99-8.04 (IH, m), 8.55 (IH, d, J=2Hz). 

Compound of Reference example 37 
'H-NMR (250MHz, DMS0-d6) 5 ppm: 2.18-2.29 (2H, m), 3.57 (2H, t, J=6.5HZ), 4.40 (2H, t, 
J=7Hz), 6.78 (IH, d, J=3Hz), 7.62-7.73 (2H, m), 8.02-8.06 (IH, m), 8.57 (IH, d, J=2Hz). 

Compound of Reference example 38 
'H-NMR (250MHz, CDCI3) 5 ppm: 2.40-2.51 (2H, m), 4.11 (2H, t, J=6.5Hz), 4.19 (2H, t, J=7Hz), 
6.31 (IH, t, J=2HZ), 6.69-6.71 (IH, m), 7.24-7.34 (3H, m), 7.59 (IH, d, J=L5Hz), 8.08-8.13 (IH, 
8.59 (IH, d, J=2Hz). 

Compound of Reference example 39 
•H-NMR (250MHz, DMS0-d6) 6 ppm. 2.2-2.4 (2H, m), 4.19 (2H, t, J=7Hz), 4,32 (2H, t, J=7Hz), 
6.77 (IH, d, J=3Hz), 7.65-7.68 (2H, ra), 7.99-8.06 (2H, m), 9.50 (IH, S), 8.58 (IH, d, J=2Hz). 

Compound of Reference example 40 
'H-NMR (250MHz, MC13) 8 ppm: 2.0-2.1 (2H, m), 3.09 (2H, t, J=8Hz), 3.4-3.-5 (2H, m), 3.6-3.7 
(4H, m), 6.33-6.38 (IH, m), 7.89 (IH, S), 8.03-8.08 (IH, m). 

Compound of Reference example 41 
'H-NMR (250MHz, MCI 3) 6 ppm: 1.5 (6H, d, J=6.5HZ), 2.4-2.6 (2H, m), 2.68 (2H, t, J=6.5HZ), 
4.3-4.4 (IH, m), 4.47 (2H, t, J=6.5HZ), 6.71 (IH, d, J=3HZ), 7.2-7.3 (2H,.m), 8.0-8.1 (IH, m), 8.59 
(lH,d,J=2Hz). 



Compound of Reference example 42 
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•H-NMR (250MHz, CDCI3) 5 ppm: 1.35 (6H, d, J=6.5Hz), 4.37-4.47 (IH, m), 5.70 (2H, s), 
6.79-6.81 (IH, in), 7.27-7.30 (IH, m), 7.48 (IH, d, J=9Hz), 8.12-8.17 (IH, m), 8.59 (IH, d, J=2Hz). 

Compound of Reference example 43 
•H-NMR (250MHz, MC13) 6 ppm: 2.33 (3H, s), 2.37 (3H, s), 2.45-2.56 (2H, m), 4.09-4.20 (4H, 
6.74 (IH, d, J=3Hz), 6.94 (IH, s), 7.15-7.21 (2H, m), 7.58 (IH, s), 7.72 (IH, s), 8.05-8.09 (IH, m), 
8.60 (IH, d, J=2Hz). 

Compound of Reference example 44 
•H-NMR (250MHz, MC13) 5 ppm: 1.22 (6H, d, J=7Hz), 2.3-2.4 (2H, m), 2.6-2.8 (IH, m), 3.84 (2H, 
t, i=7HZ), 

4.19 (2H, t, J=7HZ), 6.63 (IH, d, J=3Hz), 6.78 (IH, d, J-1.5Hz), 7.01 (lH,d, J=l.SHz), 7.16 (IH, d, 
J=3.5Hz), 7.2-7.3 (IH, m), 7.4-7.5 (IH, m), 8.0 (IH, S). 

Compound of Reference example 45 
H-NMR (250MH2, CDCI3) 6 ppm: 2.1-2.2 (2H, m), 3.5-3.7 (6H, ra), 4.2-4.3 (2H, m), 6.63 (IH, d, 
J=9Hz), 

7.67 (IH, d, J=2.5Hz), 7.78-7.87 (IH, 
Compound of Reference example 46 

■H-NMR (250MHz, MCI 3) 5 ppm: 2.1-2.2 (2H, m), 3-3-3.4 (4H, m), 4.06 (2H, t, J=6.5Hz), 4.23 
(2H, t, J=4.5Hz), 6.42 (IH, d, J=9Hz), 6.95 (IH, s), 7.13 (IH, s), 7.50 (IH, s), 7.67 (IH, d, 
J=2.5Hz), 7.78 (IH, d, J=2.5Hz, 9HZ). 

Compound of Reference example 47 
'H-NMR (250MHz, CDCI3) 5 ppm: 2.0-2.1 (2H, m), 3-1-3.2 (4H, m), 4.04 (2H, t, J=7Hz), 4.22 
(2H, t, J=4.5Hz), 6.2-6.3 (2H, m), 6.35-6.45 (IH, m), 6.93 (IH, s), 7.09 (IH, s), 7.49 (IH, S). 

Compound of Ref»ence example 48 
•H-NMR (250MHz, CDCI3) 5 PPM: 2.0-2.1 (2H, m), 3.4-3.5 (4H, m), 3.78 (2H, t, J=7Hz), 4.25 
(2H, t, J=4.5Hz), 6.56 (IH, d, J=9Hz), 7.64 (IH, d, J=2.5HZ), 7.73-7.88 (SH, m). 
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Compound of Reference example 49 
■H-NMR (250MHz, CDCI3) S ppm: 1.95-2.04 (2H, m), 3.17-3.23 (4H, m), 3.77 (2H, t, J=7Hz), 4.22 
(2H, t, J=4.5Hz), 6.2-6.24 (2H, in), 6.5-6.55 (IH, m), 7.7-7.74 (2H, m), 7.83-8.02 (2H, m). 



Reference example 50 



To 926 mg of 5-methoxyindole is added 30 ml of dimethyl fonnamide and 230 mg of 
sodium hydride (in oil), this mixture is stirred under nitrogen gas stream at 60"C for 1 hour. Then 
1 .5 g of 1 -(3-chloro- propyl)-5-nitroindo]e is added to the reaction mixture and stirred at room 
temperature overnight. The reaction mixture is further stiired at 60°C for 5.5 hours, then water is 
added thereto, and the crystals being separated are collected by filtration, and washed with water. 
The washed crystals are subjected to a sihca gel column chromatography (eluent: 
dichloromethane), there is obtained 1.8 g of l-[3-(5-methoxyindol-l-yl)propyl]-5-mtroindole as in 
the form of yellow powdery product. 

'H-NMR (250MHz, MCI 3) 5 ppm: 2.4-2.5 (2H, m), 3.86 (3H, S), 4.07-4.13 (4H, m), 6.47 (IH, t, 
J=2.5Hz). 6.69 (IH, d, J=3.SHZ), 6.83-6.88 (IH, m), 7.01 (IH, d, J=3Hz), 7.07-7.18 (4H, in), 8.06 
(IH, dd, J=2.5Hz, J=9Hz), 8.59 (IH, d, J=2.5Hz). 

By using suitable starting materials, and by a method similar to that employed in 
Reference example 50, there are obtained compounds of the above-mentioned Reference examples 
7, 9, 10, 12-18, 20-23, 26-29, 32-36, 38, 39, 43, 44 and 46-49. 



Reference example 51 



To 500 ml of ethanol solution containing 26 g of 2-benzylamiQO-4-chloroaniHne is 
added 45.7 g of polymer form (45-50% toluene solution) of ethyl glyoxylate, further 28.4 g of 
iodine is added and the reaction mixture is stiired at room temperature for 20 minutes. Then 27.8 g 
of sodium thiosulfate aqueous solution is added thereto, the crystals being separated are collected 
by filtration, and washed with 

water and ethanol, then dried. There is obtained 26.1 g of ethyl 

l-benzyl-6-chlorobenzimida2ol-2-carboxylate as in the form of pale brown powdery product 
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'H-NMR (250MHz, CDCI3) 8 PPrtl: 1.45 (3H, t, J=7Hz), 4.49 (2H, q, J-7HZ), 5.85 (2H, s), 7.1^7.5 

(7H,M), 
7.85(lH,dJ=8.5Hz). 

By using a suitable starting material, and by a method similar to that employed in 
Reference example 51, compound of the above-mentioned Reference example 2 is obtained. 

Example lA 

A mixture of 2.2 g of methyl l-ben2yl-6chlorobeiizirmdazoi-2-carboxylate and 5.3 g 
of l-[3~(2isopropylimidazol"-l-yl)propyl]-5-aminomethylindoie is stirred at 80^C for 1.5 hours, after 
confirmed that the starting materials are disappeared, the reaction mixture is dissolved in 
chloroform, then washed with water and an aqueous solution saturated with sodium chloride, and 
dried with anhydrous magnesium sulfate, 

then the solvent is removed by distillation under reduced pressure. The resulting residue is subjected 
a silica gel column chromatography (eluent: 3% methanol/dichloromethane), then fumaric acid is 
added and recrystallized from diisopropyl ether-ethanol, there is obtained 4 g of 
1 -benzyl-6-chloro-2- {1- 

[3-(2-isopropylimidazol-l-yl)propyl)indol-5-ylmethylaminoc^bonyl}benzimida^ fumarate as in 
the form-of pale yellow powdary product. 

S-NMR {250MH2, DMS0-d6) 5 ppm: LIO (6H, d, J-7HZ), 24-2.3 (2H, m), 2.8^2.95 (IH, m), 
3.88 (2H, t, J=7.SHz), 4,20 (2H, t, J-7Hz), 455 (2H, d, J=6.5Hz), 5.98 (2H, s), 6.43 (IH, d, J=3Hz), 
6.62 (2H, s), 6.66 (IH, d, J==L5HzX 7.10 (IH, d, J=lSHz), 7J5-738 (lOH, 7.53 (IH, s), 7.77 (IH, 
4 J=8,5Hz), 7.84 (IH, d, J=L5HzX 9.57 (IH, t, J=-4Hz) 

Example IB 

130 Milligrams of lithium aluminum hydride is suspended in 70 ml of 

tetrahydrofuran, then 2.2 g of 6-amino-3,4-dihydro-2(lH)-quinolinone is added gradually thereto, 

and the mixture is stirred at room temperature overnight. The reaction mixture is further stiired for 2 

hours under refluxing condition, then 1 g of methyl l-benzyl-6-chlorobenziraidazol-2-carboxylate is 

added, the reaction is continued by refluxing for 3 hours. After the reaction is finished, then water 

and 10% aqueous solution of potassium hydroxide are added, the reaction mixture is diluted with 

ethyl acetate and filtered with Celite, and the filtrate is washed with chloroform, the solvent is 
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removed by distillation under reduced pressure. To the residue thus obtained is added ethanol and 
heated, the insoluble matters are collected by filtration and recrystalUzed from dimethylformanaide, 
there is obtained 0.1 1 g of l~bei52yl-6-cMoro-2-(3,4-dihydro-2(lH)-quinolinon--6"- 
ylaminocarbonyl)benzimidazole as in the form of yellow powdery product. 
Melting point: Higher than 290'C 

'H-NMR(250MH.z, DMSO-d, PPM: 2.44 (2H, t, J-7Hz), 2.87'(1H, t, J-7Hz), 5.99 (2H, s), 6.83 
(IH, d, J=9HZX 7.21-7.40 (6H, m), 7.57-7.6 (IH, m), 7.72 (IH, s), 7.86-7.88 
{2H, 10,08 (IH, s). 

Example IC 

To 2.2 g of 5-amino-l-[3-(14sopropyl-Stetrazolyl)propyl]indoIe is added 40 ml of 
toluene, then this mixture is stirred under nitrogen gas atmosphere by cooling in a methanol-ice 
bath. To this reaction mixture is added 4 ml of n-hexane solution of 2M trimethylaluminum 
dropwise from syringe, then reaction mixture is stirred for 20 minutes, and further stirred at room 
temperature for 1 hour. 2.18 Grams of methyl l~benzyl-6-chlorobenzimidazol-2-carboxylate is 
added to the reaction mixture and is stirred for 5 to 6 hours under refluxing condition. Next, 10% 
hydrochloric acid is added, and the crystals being separated are collected by filtration. Water- 
chloroform is added to the crystals, this solution is made alkaline with 10% aqueous solution of 
potassium hydroxide, then is filtered with Celite, the cMorofonn layer is washed with water, an 
aqueous solution saturated with sodium chloride. The chloroform layer is dried with anhydrous 
magnesiiun sulfate and the solvent is removed imder reduced pressure. The residue thus obtained is 
subjected to a siUca gel column chromatography (eluent: 3% methanol/dichloro-methane), and 
recrystalUzed from ethyl acetate-n-hexane, there is obtained 2.27 g of l-benzyl-6~chJoro- 
2-fl-[3-(l-isopropyltetra2ol-5-yl)propyl]indol'-5-y}aminocarbonyllbenzimidazole as in the form of 
yellow needle crystals. 
Melting point: I90-19rC. 

By using suitable starting materials, and by methods similar to those employed in 
Examples lA to IC, there are obtained compounds of Examples 2 to 50 as shown in Tables 9 to 33 
as follows. 



Table 9 
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Table 9 




Example 2 

Structure R3 ; 




Crystal form : Brown granules 

Recrystallization 

solvent: Ethyl acetate 

Melting point : 205 - 207t 

Form of compound ; Free form 

Example 3 

Structure ^2 ; 




R) : 6-a (A)n — 

Crystal form : Pale yellow needles 

Recrystalliaation 

solvent: Methanol 
Melting point : 187 - 188t 
Form of compound ; Free form 
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Table 10 



Exampls 4 

Structure 



R3 




(CHa)3K^ 



R2 



(A)n- 



Crystal form : Pal^ yellow needles 

Recrystallization 

solvent: Ethanol 
Melting point ; 129-130'C 
Form of compound : Free form 



Example 5 

Structure 



R3 




6-a. 



CH2CH = CH2 



R2 
■(A)it— 



Crystal form : Colorless needles 

Recrystallization 

solvent: Ethyl acetate-ethanol 
Melting point : 154_155'(; 
Form of compound : Free form 
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Table 1 1 



Example 6 



Str ucTiure 



R3 




: 6.a — (A)n— : 

Crystal form : Pale yellow needles 

Recrystalli2ation 

solvent: Chloroform-ethyl acetate 
Melting point : 165-166^ 
Form of compound : Free form 



Example 7 

Structure 

R3 : 




Crystal form : Yellow needles 

Recrystallisation 

solvent: Methanol -ethyl acetate 
Melting point : 196-197^ 

Form of compound : Free form 
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'Table 12 



Example 8 

Structure 

R3 




CI 



Crystal form : Brown granules 

Kecry stall! nation 

solvent: Ethyl acetate-n-hexane 

Melting point : 191-192t 



Q 
Q 

hj Form of compound : Free form 



Example '9 

Structure 



R3 




COOCH3 ' 
: 6-Cl (A)n— , 



Crystal form : Pale brown powdery 

Recry stall izat ion 

solvent: Ethyl acetate-diisopropyl ethei 

Melting point ; 194^195^ 



Form of compounds Free form 
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Structure 



R3 
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Table 13 




{CH2)3NH2 



: -CH, 



(A)i 



Crystal form : Yellow granules 

Recrystallization 

solvent: Ethyl aceta te-n-hexane 

Melting point : 106-108t 

Form of compound : Free form 



Example 1 1 

Structure 



R3 




Ri : 6<1 ~(A3n— 

'Crystal form Yellow needles 

Recrystailization 

solvent ; Clorof orm 
Melting point : 206-207t: 
Form of compound : Free form 



— CH, 
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Table 14 

Example 12 

Structure 

R3 : 




Crystal form : Yellow needles 

Recrystallizat ion 

solvent : Dimethylf ormamide-water 

Melting point : 217-218t 

Form of compound r Free form 

Example 13 

Structure 

R3 : 




Rl : 6-0 — (A)rr— : 

Crystal form : Pale yellow needles 

Recrystalli 2.ation 

solvent : Dichloromethane-n-hexane 

Melting point : 146-147^ 

Form of compound i Free form 
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Table 15 

Example 14 

Structure 

R3 : 




: 6-CI ' — (A)n— ; 

Crystal form : Colorless needles 

Recrystallization 

solvent: Ethyl aceta te-n~hexane 

Melting point ; 178-179t' 

Form of compound : Free form 

Example 15 

Structure • 




: 6.a — (A)n— 

Crystal form : Yellow needles 

Recrystallization 

solvent: Ethyl acetate-^n-hexane 
Melting point : 190~191t 
Form of compound : Free form 
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Table 16 




Example 16 

Structure R3 



HI : &Cl _(A> 
Crystal form : Pale yellow needles 

Rscrystallization 

solvent: Ethyl acetare 

Melting point : 229-237t. (decomposed) 

Form of compound : Free form 

Example 17 

Structure R3 



CH3 

: — (A)n- 

Crystal form : Pale yellow powdery 

Recrystallization 

solvent: Ethyl acetate 

Melting point : T97-19St. 

Form of compound : Free form 
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Table 17 



m 



s 




Example 18 

Structure 

R3 : 



: ^ --(A)n-.. -CH, 

Crystal form .- Pale yellow powdery 

U Recrystanization 

a 

™ solvent: Ethanol -di isopropyl ether 

p Form of compound : COr^ 

u ■ 

C02H 




Example 19 

Structure 

R3 



: 6-a — (A)ci— . _ 

Crystal form : Yellow powdery 

Recrystalli nation 

solvent: Methanol -di isopropyl ether 
Melting point ; 789-190t. 
Form of compound : 

CO2K 



CO2H 



^ 2 
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Table 18 



w 



Example 20 

Structure 



R3 




: 6-a — (A)n— : 

Crystal form : Yellow needles 

Recrystalii2:atLon 

solvenr : Chloroform 

Melting point : 186-187t 

Form of compound : Free form 



Example 21 

Structure 



R3 



RI 



: " — CH2 
•(A)n— . 



Crystal form : Pale brown powdery 

Kecrystallization 

solvent: Ethanol-ethyl acetate 
Melting point : 277t . 
Form of compound : Free form 
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Table 19 



Example 22 

Structure 

R3 



X)7 

(CH2)3 



Rt : fr-Cl (A)n 

Crystal form : Yellow needles 

Recrystalliz^ation 

solvent: Ethyl acetate-ethanol 

Melting point : 155-156t 

Form.- of compound : Free form 



Example 23 

Structure 

R3 : 




: MI — {A>n— : 

Crystal form : White powdery 

Recrystalli nation 

solvent; Ethyl acetate 

Melting point r 160-161%, 

Form of compound : Free form 
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Tabls 20 



w 

m 



Example 24 

Structure 



R3 



PCK^ 




-CK2 



RJ : 6.a — (A)ir~ : — 

Crystal form : Yellow powdery 

Recrystallization 

solvent : Ethyl acetate-dichioromethane 

Melting point : I69~170t 

Form of compound : Free form 



Example 25 

Structure 



R3 




6-a — (A)n— ; 

Crystal • form ~ : Pale yellow powdery 
Recrystallization 

solvent: Ethyl acetate-n-hexane 
Melting point i 166-167t. 
Form of compound : Free form 
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Table 21 



Example 26 

Structure 



; 




Ri : 6.a — (A)n— 

Crystal form : Pale brown needles 

Recry stall izati on 

solvent: Ethyl acetate-n-hexane 

Melting point : 15 6t 

Form of compound ; Free form 



Example 27 

Structure 



R3 




OCH3 



Ri : 6-a — {A)n— 

Crystal form : Bright yellow needles 

Recrystallization 

solvent: Ethyl acetate-n-hexane 

Melting point : 15713. 

Form of compound ; Free form 



— CH2 
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Table 22 



Example 28 

Structure 



R3 : 




N 
H 

Rl : 6-Cl — (A)n— ; 

Crystal form : Yellow granules 

Recrysta Hi nation 

solvent : Dime thy If ormacnide- water 

Melting point : 213-221t 

Form of compound : Free form 



Example 29 

Struccure 

; 




Crystal form : Bright yellow needles 

Recrystallization 

solvent: Ethyl acetate-n~hexane 
Melting point ; 136-137°C. 
Form of compound : Free form 
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Table 23 



Example 30 

Structure 

R3 : 

Crystal form : Colorless granules 

Recrystallization 

solvent: Ethyl acetate 
Melting point : ^B7-^B8t 



Form of compound : Free form 

m 



Example 31 

Structure 



R3 




Ri : — (A)n— : — (CH2>2 — 

Crystal form : White amorphous 

Form of compound : Hydrochloride 
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Table 24 



Example 32 

Structure 



R3 : 




H 



Crystal form : Colorless needles 

Recrystallization 

solvent; Ethyl acetate-n-hexane 

Melting point : 173-174t 
Form of compound : Free form 



Example 33 

Structure : 




Crystal form : Yellow powdery 

Recryst alii nation 

solvent ; Ethanol -n-hexane 
Melting point : 153-155t. 
Form of compound : Free form 
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Table 25 



Example 34 

Structure 



R3 




(CH2)3 NHi 




— CH 



6-a 

Crystal form : Yellow needles 

Recrystallization 

solvent : Ethyl acetate 
Melting point ; 139-140t 
Form of compound : Free form 



Example 35 

Structure 



R3 : 



(.CR^3 CI 



: -CHj 
— CA)n--: _ 



Form of compound : Free form 
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Table 26 



Example 36 

Structure 



R3 





Ri : 6-Cl 

Crystal form : Yellow needles 

Form of compound : Free form 



— (A)n- 



yJ 



m 



a 



Example 37 

Structure 



: 




; 



CH2COOC2K5 



— CH2 — 



Form of compound : Free form 
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Table 27 



Example 38 

Structure 



: 



Crystal form : Brown solid 

Form of compound : Free form 




Example 39 

Structure 

R3 : 




{A)n— : 



Crystal form : Plae yellow oily 

Form of compound : Free form 
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Table 28 



Example 40 

Structure 



R3 




6-a 



(CH2)3NH2 



— (A)i 



-CH2 



Crystal form : Yellow powdery 

Form of compound : Free form 



a 



Example 41 

Structure 



R3 




H 



— (A)n 



Crystal form : 
Recrystallization 
solvent ; 
Melting point : 
Form of compound : 



Yellow powdery 

D im e t hy 1 f o r IB ain i d e 
Higher than 290^ 
Free form 
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Table 29 



Example 42 

Structure 



R3 : 




R2 



Crystal form : Yellow powdery 

Recrystallization 

solvent: Ethyl acetate-n-hexane 
Melting point : 183-184t 
Form of compound : Free form 



Example 43 

Structure 



R3 




— (A)n— 



Crystal form : 
Recrystallization 
solvent : 
Melting point ; 
Form of compound : 



Pale yellow powdery 

Ethyl acetate 
195^; 

Free form 
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Table 30 



Example 44 

Structure 



R3 



.CH3 



Crystal form 
Recrystallization 
solvent 

Melting point 
Form of compound 



^(CH2)2N(CH3)2 



6-a — 

; Yellow powdery 



Ethanol 

200-202t 



Example 45 

Structure 



R3 



2 

CO2H 



CO2H 




R^ 



CH3 

Ri : 6-a — (A)R— 

Crystal form : Colorless needles 

Recrystalli z.ation 

solvent: Ethyl acerate-ethanol 
Melting point : 227-228^ 
Form of compound : Free form 
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Table 3 1 



Example 46 

Structure 



R3 : 




H 

Ri : 6-a {A>3 — : 



Crystal form : Pale brown powdery 

Recrystal ligation 

solvent : Chi or o f orm- i so propyl alcohol 

Melting point : Higher than 290t 

Form of compound : Free form 

Example 47 

Structure 

R3 : 



Ri : 6-0 — (A)rr— : 

Crystal form : Bright yellow needles 

Be cry St alligation 

solvent: Ethyl acetat e-diisopropyl eth 
Melting point : 146-148t 
Form of compound : Free form 
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Table 52 



Example 48 

Structure 



R3 




Crystal form : Yellow powdery 

Recrystal ligation 

solvent: Ethyl acetate-n-hexane 
Melting point i 175-176t 
Form of compound : Free form 



Example 49 

Structure 



R3 




{CH2)3C1 



Ri : 6-Ct 



R2 



Form of compound : Free form 
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Table 33 



Example 50 

Structure 

R3 : 




Crystal form : Yellow amorphous 

Forsa of compound : Free form 



The NMR spectrum data of compounds from the above-mentioned Examples are 
shown as follow. 

Compound of Example 18 
'H-MR (250MHz, DMS0-d6) 6 ppm: 1.10 4 J=7Hz), 2.1-.2.3 {2H, m), 2.8-.2.95 (IH, m), 3.88 
(2H, J-7.5HZ), 4.20 (2H, t, J-7Hz), 4,55 (2H, d, J-6.5Hz), 5.98 (2H, s), 6.43 (IH/d, J-3Hz), 6,62 
(2H, s), 6,66 (IH, 4 J-L5H2), 7.10 (IH, d, J==L5Hz), 7.15-7.38 (lOH, m), 7.53 (IH, s), 7.77 (IH, d, 
J-8.5HzX 7.84 (IH, d, J=1.5Hz), 9.57 (IH, d, J=4Hz). 

Compound of Example 28 
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'H-NMR (250MHz, DMS0-d6) 6 ppm 1.7-1.9 (2H, m), 2.89 (2H, t, J=8Hz), 3.07 (2H, t, J=7.5Hz), 
3.2-3.4 (4H, m), 5.99 (2H, s), 6.0-6.1 (IH, m), 6.47 (IH, d, J=8.5Hz), 6.7-6.8 (IH, m), 6.8-6.9 (IH, 
m), 7.2-7.5 (7H, m), 7.57 (IH, s), 7.8-7.9 (2H, m), 8.0-8.1 (IH, m) 

Compound of Example 31 
"H-NMR (250MHz, DMS0-d6 5 ppm: 2.25-2.4 (2H, m), 23-3.1 (2H, m), 3.5-3.65 (2H, ra), 4.1-4.3 
(4H, m), 5.97 (2H, s), 7.02 (IH, I, J=7.5Hz), 7.11-7.43 (9H, m), 7.60-7.64 (2H, m), 7.71-7.75 (2H, 
m), 7.81 (IH, d, J=1.5Hz), 9.09 (IH, s), 9.25 (IH, t, J=8Hz). 

Compound of Example 35 
•H-NMR (250MHz, CDCI3) 5 ppm: 2.2-2.35 (2H, m), 3.4-3.5 (2H, m), 4.3-4.4 (2H, m), 6.05 (2H, 
s), 6.5-6.6 (IH, m), 7.1-7.2 (IH, m), 7.2-7.5 (9H, m), 7.7-7.8 (IH, m), 8.1-8.2 (IH, m), 9.62 (IH, s). 

Compound of Example 36 
•H-NMR (250MHz, CDCI3) 5 ppm: 2.26 (2H, m), 3.75 (2H, t, J=7Hz), 4.2 (2H, t, 3=7Hz), 6.06 (2H, 
s), 6.48 

(Mf d, J=3Hz), 7.24-7.5 (lOH, m), 7.7-7.86 (SH, m), 8.07 (IH, s), 9.60 (IH, s). 

Compound of Example 37 
'H-NMR (250MHz, CDCI3) 5 ppm: 1.26 (3H, t, J=7Hz), 4.15-4.3 (2H, m), 4.84 (2H, s), 6.05 (2H, 
s), 6.56 (IH, d, J=3Hz), 7.12 (IH, d, J=3Hz), 7.23-7.47 (7H, m), 7.75 (IH, d, J=8.5Hz), 8.12 (IH, s), 
9.62 (IH, s). 

Compound of Example 38 
S-MR (250MHz, CDCI3) 5 ppm: 1.95-2.1 (2H, m), 2.92 (2H, t, J=8.5Hz), 3.13 (2H, t, J=7Hz), 3.36 
(2H, t, J=8Hz), 3.83 (2H, t, J=7.5Hz), 6.02 (2H, s), 6.44 (IH, d, J=8.5Hz), 7.25-7.33 (7H, m), 7.39 
(IH, d, J=1.5 Hz), 7.52 (IH, s), 7.69-7.73 (3H, m), 7.82-7.85 (2H, m), 9.40 (IH, s). 

Compound of Example 39 
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■H-NMR (250MHz, CDCI3) 5 ppm: 2.2-2.3 (2H, m), 3.10 (2H, t, J-7Hz), 3.44 (2H, t, J=6Hz), 
3.75-3.85 (2H, m), 4.30 (2H, t, J=6Hz), 5.97 (2H, s), 7.03 (IH, s), 7.12-7.37 (lOH, m), 7.61-7.66 
(2H, 7.8-7.9 (lH,m). 

Compound of Example 40 
S-MR (250MHz, CDCI3) 6 ppm: 1.31 (2H, brs), 1.70-1.81 (2H, m), 2.83 (2H, t, J=7Hz), 2.97 (2H, 
tt J=8Hz), 

3.12 (2H, t, J=7.SHz), 3.36 (2H, t, J=8HZ), 6.02 (ZH, s), 6.45 (IH, d, J=8.5H2), 7.23-7.32 (7H, m), 
7.38 (IH, d, J=2Hz), 7.53 (IE, s), 7.71 (IH, d, J=9Hz), 9.43 (IH, s). 

Compound of Example 41 

'H-MR (250 MHz, DMSO- 5 ppm; 2.44 (2H, t J=7Hz), 2.87 (2H, t, J-7Hz),.5.99 (2H, s), 6.83 (IH, 
d, J=9Hz), 7.21-7.40 (6H, m), 7.57-7.6 (IH, m), 7.72 (IH, s), 7.86-7.88 (2H, m), 10.08 (IH, s). 

Compoimd of Example 46 
'H-NMR (250MHz, DMSO-d6) 5 ppm 6.01 (2H, s), 6.50 (IH, d, J=9.5HZ), 7.22-7.41 (7H, m), 
7.84-7.93 (4H, ra), 8.25 (IH, S). 

Compound of Example 49 
•H-NMR'(250MHz, DMS0-d6) S ppm: 1.9-2.1 (2H, m), 2.5-2.6 (2H, m), 2.8-3.0 (2H, 
3.6-3.8 (2H, m), 33-4.1 (2H, m), 5.99 (2H, 7.1-7.5 (7H, m), 7.6-8.0 (4H, m). 

Compound of Example 50 . 
H-NMR (250MHz, CDCI3) 6 ppm: 1.9-2.1 (2H, m), 3.28-3.34 (4H, m), 3.77 (2H, t, J=7Hz), 4.26 
(2H, t, J=4Hz), 6.01 (2H, s). 6.63 (IH, d, J=9HZ), 7.11-7.40 (9H, m), 7.70-7.74 (3H, m), 7.81-7.87 
(2H,m), 9.34 (lH,s). 

Example 51 

To 0.66 g of l-benzyl-6-chloro-2-(jndol-5-ylaminocarbonyl)benzimidazoIe is added 

50 m] of dimethyl formamide, further added 170 mg of oily sodium hydride, said mixture is stirred 
under nitrogen gas atmosphere at 60*C for 1 hour. Under cooling at 0°C, 0.14 ml of allyl bromide 
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is added to the reaction mixture, and stirred at room temperature overnight, then water is added 
thereto and extracted with ethyl acetate, the extract is washed with water and an aqueous solution 
saturated with sodium chloride. The washed extract is dried with anhydrous magnesium sulfate, and 
the solvent is removed by distillation under reduced pressure. The residue thus obtained is subjected 
to a silica gel column chromatography (eluent: 10% n-hexane/dichlorom ethane), recrystallized from 
ethyl acetate-ethanol, there is obtained 0,35 g of l-benzyl-6-chloro-2-(l-allylindol-5-ylamino- 
carbonyl)benzimidazole as in the form of colorless needle crystals. 
Melting point: 154-155'C. 

By using suitable starting materials and by a method similar to that of employed in Example 5 1 , 
there 

were obtained compounds of the above-mentioned Examples 3, 4, 6'-8, 10-20, 22-29, 31, 33-40, 
42-45 and 47-50, 

Example 52 

To 3.8 g of 

l-benzyl-6-chloro-2-[I-{3-chloro-propyl)indol-5-y]aminocarbonyllbexizimidazole is added 100 mg 
of dimethyl formamide, further added L4 g of lH-l,2,3,4-tetrazoi, 2,2 g of potassium carbonate and 
7.2 g of sodium iodide, the mixture is heated and stirred at 100*C for 2 days. Water is added to the 
reaction mixture, and extracted with ethyl acetate, the extract is washed with water and an aqueous 
solution saturated with sodium chloride. The washed extract is dried with anhydrous magnesium 
sulfate, and the solvent is removed by distillation under reduced pressure. The residue thus obtained 
is subjected to a silica gel column chromatography (eluent: ethyl acetate/n-hexane= 1/1), after 
separation of isomers, there are obtained 1.1 g of l-benzyl-6-chloro-2-(l-[3-(l,2,3,4-tetrazol- 
l-yl)propyl]indol-5-ylarainocarbonyl)ben2:iniidazole (A) as in form of colorless needle crystals by 
recrystallization from ethyl acetate-n-hexane, and 0.9 g of 

1 -benzyl-6-chloro-2- { 1 - [3 -( 1 ,2,3 ,4-tetrazol-2-yl)-propyl]indol-5-ylaminocarbonyl}benzimidazole 
(B) as in the form of pale yellow needle crystals by recrystallization from 
dichloromethane-n-hexane. 
Melting point of (A): 178-179"C 
Melting point of (B): 146447°C 
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By using suitable starting materials, and by a method similar to that of employed in 
Example 52, there are obtained compounds of the above-mentioned Examples 3, 4, 6-8, IO-I25 
17-20, 23-29, 31, 33, 34, 36, 38, 40, 43, 44, 47, 48 and 50. 

Example 53 
To 5 g of.l-benzyl-6~chloro~2-[l>(3" 
phth.a]jmidopropyl)indol-5-ylaminocarbonyl]benzimidazole is added 100 ml of ethanol and stirred, 
then 0.5 ml of hydrazine hydrate is added thereto, the mixture is refluxed overnight. After cooled 
the reaction mixture to room temperature, then white crystals are removed by filtration. Water is 
added to the filtrate, and made alkaline with 10% aqueous solution of potassium hydroxide. This 
mixture is extracted with dichloromethane, the extract is washed with water, an aqueous solution 
saturated with sodium chloride then is dried with anhydrous magnesium sulfate. The solvent is 
removed by distillation under reduced pressure. The residue thus obtained is crystallized from ethyl 
acetate-n-hexane, there is obtained 3.2 g of 

l-beiizyl-6-chloro-2-[i-(3-arninopropyi)indol-5-ylaminocarbonyi]-benziniidazole as in the foim of 
yellow granular crystals. 
Melting point: 1064 08°C, 

By using a suitable starting material, and a method similar to that of employed in 
Example 53, there is obtained compound of the above-mentioned Example 40. 

Example 54 

To 0.29 g of nicotinic acid is added 50 ml of dimethyl formamide, further L2 g of 

l-benzy]-6-chloro-2-[l-(3-aminopropyl)indol-5-ylaminocarbonyl]-benzimidazole and 0.7 ml of 

triethylamine are added, the mixture is stirred under cooling at 0°C, Next, 0,49 g of 

dkethylcyanophosphonate is dissolved in 20 ml of dimethyl formamide and added thereto and the 

reaction mixture is stirred at room temperature for 1 day. After the reaction is finished, water is 

added then the whole mixture is extracted with ethyl acetate, the extract thus obtained is washed 

with water and an aqueous solution saturated with sodium chloride. The washed extract is dried 

with anhydrous magnesium sulfate, then the solvent is removed by distillation under reduced 

presstxre. The resulting residue is subjected to a silica gel colirnm chromatography (eluent; 2% 
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methanol/dichloromethane), recrystallized from chloroform, there is obtained 1 g of 1 -berizyl-6- 
chloro-2- {l-[3-(pyridin-3-ylcarbonyl-amino)propyl]indo]~5-ylaminocaxbonyl}benzm^ as in 
the form of yellow needle crystals. 
Melting point: 206-207^C. 

By using suitable starting materials and a method similar to that of employed in 
example 54, there are obtained compounds of the above-mentioned Examples 9, 12, 28, 33, 34 and 
47. 

Example 55 
To 0.35 g of I-benzyl-6"Chloro-2"(3,4- 
dihydro-2(lH)-quinolinon-6-ylaminocarbonyl)-benzimidazole is added 30 ml of dioxane and 280 
mg of 253-dichloro-5,6-dicyanobenzoquinone, and the reaction mixture is refluxed by heating. Over 
confirming the proceeding of reaction by means of a thin layer chromatography, 
2,3-dichioro-5,6~dicyanobenzoquinone in small quantity is further added and refluxed by heating for 
1 day. The crystals being separated are collected by filtration, and recrystallized from 
chloroform-isopropyl alcohol, there is obtained 

l-benzyl-6-chloro-2-[2(lH)~quinolinon-6-ylamino--caronyl]benzimidazole as in the form of pale 
brown powdery product. 

Melting point: higher than 290°C, 

H-NMR (250MHz, DMS0-d6) 5 ppm: 6.01 (2H, s), 6.50 (IH, d, J=9.5Hz), 7.22-7.41 (7H, m), 
7.84-7.93 (4H, 

8.25 (IH, s). 

Example 56 

A mixture of 27.9 g of ethyl l-benzyl-6chlorobenzimidazol-2-carboxylate, 17.8 g of 
l-[3(iniLdazoi-l-yl)propyi]-5-aininoindole, 8 g of sodium methylate and 600 ml of toluene is stirred 
at lOO'^C for 1,5 hours. The reaction mixture is cooled to room temperature, the crystals being 
separated are collected by filtration and washed with toluene. Thus obtained crystals are dissolved 
in 500 ml of chloroform, then 100 ml of water is added and the mixture is filtrated with Celite. The 
chloroform layer is taken by separation, after washed with water, the chloroform portion layer is 
dried with anhydrous magnesium sulfate, and the solvent is removed by distillation to obtain brown 
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oily product. This oily product is dissolved in methanol, further added n-hexane and the crystals 
being separated are collected by filtration, recrystallized from methanol and dried. There is 
obtained 3L8 g of ^benzy^6-chloro-2-{^[3-(imidazo^^yl)propyl]indo^5" 
ylamino-carbonyl) benzimidazole. 
Pale yellow needle crystals. 
Melting point: 187-188°C. 

It will be understood that various changes and modifications can be made in the details of 
procedure, formulation and use without departing from the spirit of the invention, especially as 
defined in the following claims. 
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